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Abstract
Presently, no measure or theoretical framework exists for preschool parents’ attitudes towards
science. The purpose of this study was to develop and validate a measure of preschool parents’
attitudes towards science with a corresponding theoretical framework, as well as explore related
constructs. To develop the measure, I adapted Wendt and Rockinson-Szapkiw’s (2017) English
translation of van Aalderen-Smeets & Walma van der Molen’s (2013) Dimensions of Science
(DAS) scale by making it appropriate for use with preschool parents.
The Preschool Parents Dimensions of Science Scale (PP-DAS) was pilot tested and revised
before being administered to 330 preschool parents in the United States. Results indicate that the
measure has solid psychometric properties and supports the application of van Aalderen-Smeets
et al.’s (2012) theoretical framework to preschool parents. Further analyses support the
relationship between preschool parents’ attitudes towards science with additional related
constructs, including parents’ views of science and past science experiences, as well as
demographic factors, such as race and income.
Lastly, results also indicate there are four classes of preschool parents, based on their attitudes
towards science: High Potential, Promising, Indifferent, and Reluctant. Overall, this study has
the potential to address an existing gap in the field by proposing a theoretical framework and a
psychometrically evaluated measure of parental attitudes towards science that can be employed
by researchers in subsequent studies.
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Chapter I: Introduction
Currently, in the United States, there exists both a domestic and international science
achievement gap. The more well-known gap is the international gap, which refers to the
performance of students in the United States compared to those in other countries, specifically on
the Trends in International Mathematics and Science Study (TIMSS) science assessment.
According to the 2015 TIMSS science achievement results for both fourth and eighth grades, the
United States ranked 10th of 47 and 11th of 39 countries, respectively. Less recognized, but of
equal importance, is the science achievement gap that exists within the United States.
Comparable to the more general achievement gap, which has been widely researched and
reported (Becker & Luthar, 2002; Bernstein et al.,2014; Hanushek & Rivkin, 2006; Harris &
Haycock, 2001; Herrington, 2006; Howard, 2010; Johnson, 2002; Ladson-Billings, 2006;
Reardon, 2011, 2013; Reardon & Galindo, 2009), there exists a related gap, wherein minority
and lower-income students perform significantly worse in science than their more affluent,
White counterparts. Moreover, this gap has also been found to exist between genders, with boys
outperforming girls starting around eighth grade (Carrington, Tymms, & Merrell, 2008; Dee,
2007; DiPrete & Jennings, 2012; Holmlund & Sund, 2008; Legewie & DiPrete, 2012; Matthews,
Ponitz, & Morrison, 2009; Robinson & Lubienski, 2011). According to the Nations Report Card
(NCES, 2016), there exists a racial and ethnic gap in the National Assessment of Educational
Progress (NAEP) science scores across fourth, eighth, and twelfth grades between Black and
White students as well as Hispanic and White students.
According to the U.S. Bureau of Labor and Statistics (Fayer & Watson, 2017), between
2014 and 2024, mathematics- and science-related jobs are expected to grow by 28.2 percent,
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making them some of the fastest and highest growing occupations in the country. As the job
market in STEM-related fields is expected to continue to grow exponentially in the future, the
science achievement gap has been garnering more attention. Therefore, it is more crucial than
ever that all students have the same opportunity to pursue and succeed in all career paths,
especially STEM fields.
More recently, there has been a shift in research towards early childhood science.
Research indicates that the science achievement gap begins during early childhood (Curran &
Kellogg, 2016; Morgan et al., 2016). However, the bulk of this research focuses on educators and
students and less so on parents. While there are several studies and measures focused on
preschool teachers’ attitudes towards science and their effects on student science achievement,
preschool parents’ attitudes towards science have not been elucidated. Understanding how and
why parents interact with their children around science is required to understand early childhood
science achievement. Furthermore, it is also imperative to examine parents’ attitudes toward
science and how they affect the science activities, practices, and skills that parents do with their
child, which subsequently impacts their child’s science learning and achievement.

Science Achievement Gap: When does it start, and how long does it last?
Although the majority of research on science achievement refers to high school students, more
research is beginning to concentrate on science achievement in earlier grades. A recent study by
Morgan, Farkas, Hillemeier, and Maczuga (2016) found that the science achievement gap starts
for most children before they enter kindergarten. Using data from the Early Childhood
Longitudinal Study Kindergarten Cohort (ECLS-K) dataset, Morgan et al. examined children’s
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science knowledge from the onset of kindergarten through the eighth grade. Science knowledge
was measured by a general knowledge test that included items related to science content and
skills. Results indicated a gap in general knowledge at the start of kindergarten. Researchers also
found that poor general knowledge in kindergarten was predictive of poor general knowledge in
first grade, which was the strongest predictor of science achievement from third through eighth
grades.
When examining demographics such as race, ethnicity, and socioeconomic status,
Morgan et al. found that Black students were farther behind than their White counterparts. They
also found that for Black students, the gap persisted and, in some cases, grew from the onset of
kindergarten through eighth grade. Asian and Hispanic students, however, did not start as far
behind as Black students, and the gap between them and their White counterparts was narrowed
during kindergarten through eighth grade, with Asian students closing it almost entirely. Similar
results were found when student achievement was examined based on home language and
socioeconomic status. Morgan et al. concluded that the level of general (scientific) knowledge at
the beginning of kindergarten was fundamental for predicting children’s scientific achievements
in eighth grade. They also suggest that low-income students have the highest risk of
underachievement, given that parents and preschools provide general science knowledge. Lastly,
the researchers posit that intervention before school entry, including potentially training parents,
can address the science achievement gap. These findings indicate that parent-child interactions
centered around general scientific knowledge could be beneficial to children, especially during
early childhood.
Morgan et al.’s (2016) findings are consistent with results from a prior study performed
by Quinn and Cooc (2015), which found that the science achievement gap between Black and
3

White students persists from third grade through eighth grade, but the difference between White
students and Hispanic and Asian counterparts has begun to narrow by eighth grade. Similarly, a
study by Bacharach, Baumeister, and Furr (2003) examined the science achievement gap in
secondary education and found a gap existing between Black and White students, as well as
between male and female students, in eighth grade. Researchers also found the gap persisted
throughout students’ high school careers and, in some cases, continued to widen. These findings
demonstrate the potential long-lasting effects science education in earlier grades can have on
students, especially those who are underprivileged and underserved.
Although Morgan et al.’s (2016) study has significant implications for early childhood
science research, the study used data from the ECLS-K 1998–1999 cohort, which is arguably an
outdated dataset. Furthermore, students in that cohort were given a general knowledge test that
included science items but did not have a science-specific measure. In their 2016 study, Curran
and Kellogg used the 2010–2011 ECLS-K dataset to examine the science achievement gap by
race and gender. Their results supported those of Morgan et al. (2016), revealing differences in
science achievement between kindergarten and first grade by race and ethnicity, but not gender.
The authors noted the lack of significance for gender might be an indicator that gender
differences in science may develop later on in a student’s career. As for race and ethnicity,
Curran and Kellogg’s (2016) results were similar to those of Morgan et al. (2016) and Quinn and
Cooc (2015). Curran and Kellogg also found the science achievement gap between White,
Hispanic, and Asian students decreased over time, while the gap between Black and White
students remained stable. Curran and Kellogg speculated that the narrowing of the gap between
Hispanic and White students could be because, as time passes, bilingual students and English
language learners become more fluent in English and are therefore better able to understand the
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lessons. Additionally, the researchers noted the gap between Asian and White students behaves
differently than the other gaps because Asian students performed better than White students in
both math and literacy, but worse in science. Finally, Curran and Kellogg (2016) still found a
significant racial gap between students, even after controlling for socioeconomic status, leading
them to assert that “the science achievement gaps in elementary school may be affected by both
in-and out-of-school factors.”
Curran and Kellogg’s (2016) results support those of Morgan et al. (2016); moreover,
both studies conclude a racial and income gap between preschool and kindergarten students
exists that mimics the science gap of secondary students, as found by Quinn and Cooc (2015)
and Bacharach, Baumeister, and Furr (2003). These findings again suggest the science
achievement gap can start early on in a student’s academic career and remain with them
throughout. Furthermore, the findings from these studies suggest more consideration and
research is needed to examine the science achievement gap in early years, including the effects
of out-of-school factors, such as parents’ attitudes towards science in early childhood.
In a separate study by Curran (2017), which focuses specifically on the effects of income
and elementary school (kindergarten and first grade) on science achievement, a difference in
science achievement by income was found. The results suggest factors including race and
ethnicity, out-of-school activities, parental education, and school fixed effects explain a part of
the gap. Again, Curran asserts interventions that focus on out-of-school activities and targeting
families could be instrumental in addressing the science achievement gap. Curran (2017) states:
What then can be done to alleviate income-based science achievement gaps and produce
more equitable outcomes for students from across the income spectrum? The findings, coupled
with the theoretical framings, suggest that a multifaceted approach involving both school-based
and out-of-school interventions may hold the most promise…Finally, given the evidence on the
5

role of out-of-school environments, an emphasis on increasing the capacity of families and
community context to support science learning in informal environments may hold the most
potential. (p. 222)

Preschool Science Standards
Unlike K-12 education, preschool science education has no universal standards. According to the
ETS report by De Bruin-Parecki and Slutzky (2016), the general focus of state early learning
guidelines are “on language and literacy, early mathematics and numeracy skills, early science
and problem-solving skills, creative arts, social studies and technology, social and emotional
development, approaches to learning, and physical health and development.” The lack of
universal standards poses a problem in early childhood science education as there is no primary
source for early childhood educators to consult. While there are preschool readiness standards
and requirements for each state, they vary by state and are not mandatory for all preschool or
childcare centers. In many instances, the use and implementation of standards depend on whether
the state funds a program (De Bruin-Parecki & Slutzky, 2016).
Furthermore, while the majority of state school readiness standards include science
standards, these are more developed and comprehensive in some states than in others. According
to De Bruin-Parecki and Slutzky (2016), 65% of Pre-K Age 4 learning standards across the U.S.
identified science independently as an area of learning and content. However, 30% of learning
standards identified science as a standard within another area of learning and content, thus
demonstrating the varied ways in which science could be addressed across state standards.
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What Does Science Look Like for a preschooler?
In addition to state standards, some organizations, including Head Start and Sesame Workshop,
have developed and released frameworks for early childhood and preschool education with
sections devoted to science; PBS KIDS has also released a science-specific framework. All three
frameworks outline and provide examples of scientific knowledge and skills that children should
learn and develop during early childhood. In their framework, Head Start defines scientific
reasoning as “the emerging ability to develop scientific knowledge about the natural and physical
worlds, learn scientific skills and methods, and continue developing reasoning and problemsolving skills” (U.S. Dept. of Health and Human Services, 2015). They characterize science for
preschoolers as having to do with “scientific investigations,” which they associate with skills
rooted in the scientific method, such as observations, recording, and analyzing. Similarly,
Sesame Street defines science as “the process of learning about and understanding the natural
and physical world.” They compare young children to “natural scientists” who are characterized
by their curiosity about the world around them. They also highlight specific skills and practices,
including asking questions and investigating. Their definition seems centered around ensuring
that young children explore and understand the world around them. (Sesame, 2014). PBS KIDS
employs a similar definition, focused on a child’s understanding and exploration of the natural
world. Their definition, like those of Head Start and Sesame, also addresses particular science
skills, including a “process of inquiry that includes observation, prediction, and experimentation
leading to understanding/explanation” (PBS KIDS, 2018).
The Head Start, Sesame Workshop, and PBS KIDS frameworks explain both the science
skills and science content preschoolers should learn and develop. Science skills and practices
correspond to the scientific method, also known as the scientific inquiry process. All three
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frameworks assert that preschoolers should be making observations; Head Start also includes
skills such as discussing, comparing, and categorizing. According to Sesame Workshop,
scientific skills include investigating and experimenting in addition to observing, while PBS
KIDS emphasizes eight science and engineering practices, including asking questions and
defining a problem, developing and using models, planning and carrying out investigations,
analyzing and interpreting data, using math and computational thinking, constructing
explanations for science and designing solutions, engaging in an argument, and obtaining
evaluating and communicating information.
Along with scientific skills, preschoolers are expected to learn and develop scientific
content knowledge, the bulk of which seems to focus on explaining our world, including the law
and phenomena that govern it. Sesame refers to this content as the “natural and physical world,”
which consists of the "environment, living and non-living things, force and motion, engineering
and the physical properties of objects" (Sesame, 2014). In comparison, the core ideas of the PBS
KIDS Science Learning Framework align with the four content domains of the Next Generation
Science Standards (NGSS, 2013): physical science, life science, earth and space science, and
engineering and technology (PBS KIDS, 2018).
To fully understand early childhood science learning and achievement, one must be
familiar with preschool science standards. Research suggests preschool teachers and parents are
unsure and lack confidence when it comes to teaching and doing science activities with
preschoolers. Findings also support teachers’ attitudes towards science may affect students’
science experiences and understanding. Less research exists exploring the effect of preschool
parents’ attitudes towards science on preschoolers’ science learning and achievement. Therefore,
the goal of this study is to begin to understand preschool parents’ attitudes towards science and
8

their relationship with related constructs. However, because no current, valid, and reliable
measure of parents’ attitudes towards science exists, the primary purpose of this study is to
develop and psychometrically evaluate a measure of preschool parents’ attitudes towards science
by adapting an existing measure for teachers. The second aim of this study is to use this measure
to explore how preschool parents’ attitudes towards science relate to other relevant constructs,
such as parents’ views of science, past science experiences, and how parents conceptualize
science for themselves and their child.
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Chapter II: Review of the Literature
When thinking about the science achievements of students, one should consider three separate
yet equal and related parties: the student, the teacher, and the parent. While much is understood
about all three parties regarding science for older students, particularly in high school and
beyond, considerably less is known when it comes to early childhood. The following section
reviews what is known from existing research and considers what questions are still left to be
answered.
Measurement of Science Attitudes & Attitudes towards Science
One way to better understand science achievement is through the examination of science
attitudes. Research supporting science achievement is associated with attitudinal and emotional
responses. In a case study conducted by Kazempour (2014) focused on confidence and attitudes
towards science and science teaching, the findings indicate there is an impact of prior science
experiences on one’s beliefs, attitudes, and self-efficacy.
Regarding the measurement of science attitudes and attitudes towards science, in their
review of science attitudes spanning across sixty-six instruments and one hundred and fifty
articles, Blalock et al. (2008) grouped instruments in four categories: attitudes towards science,
scientific attitudes, nature of science, and scientific career interests. In their review, Blalock et al.
noted that nearly one-third of the measures included in the review addressed attitudes toward
science. They also criticized the lack of psychometric data among instruments and suggested,
instead of creating new instruments, that researchers validate existing measures and conduct
more replication studies, and that they address generalizability. Furthermore, they assert that, if
necessary, measures should be revised and improved. Blalock et al. also explain and recommend
10

the benefits of dimensional analysis of data using analysis techniques, such as Exploratory or
Confirmatory Factor Analysis.
In a separate review of literature focused on measuring students’ attitudes toward science,
Osbourne (2003) notes that “the concept of an attitude toward science is somewhat nebulous,
often poorly articulated and not well understood.” Osbourne asserts there is a lack of clarity in
defining attitudes toward science, and attitudes toward science is not a unitary construct but
instead is a multidimensional construct comprised of subconstructs. Moreover, Osbourne
explains that assessing attitudes is difficult because it is not necessarily related to behavior but is
“essentially a measure of a subject’s expressed preferences and feelings toward an object”
(Osborne, 2003). According to Osborne, there are several ways to measure attitudes, including
subject preference studies, attitude scales, interest inventories, subject enrollment, and qualitative
studies. Osborne continues to discuss different factors that influence students’ attitudes towards
science, including gender, environmental factors, classroom and teacher factors, curriculum
variables, and perceived difficulty of science. He asserts the relationship between science
attitudes and achievement must be considered as well as the cultural attitudes towards the study
of science.
In contrast, Ryan and Aikenhead (1992) argue survey instruments are inappropriate tools
to measure science attitudes as they force the participant to make a choice, and the responses of
the measure reflect the ideologies of the researcher rather than the participant. Similarly, Eagley
and Chaiken (1993) discussed how, within education, it is hard to make a distinction between
attitudes towards science and science attitudes. More recently, Aydemiz and Kotowski (2014)
have made a similar critique and call for clarification of the attitude construct in science
education.
11

Teachers’ Attitudes towards Science Framework
In 2012, van Aalderen-Smeets et al. created a comprehensive, theoretical framework for primary
teachers’ attitudes towards science to address what they viewed as an oversight in the area of
science attitudes research. With the goal of creating a “new and comprehensive review of
previously used concept definitions” of primary teachers’ attitudes towards science to be used in
future research and for the “construction of valid instruments,” van Aalderen-Smeets et al.
conducted a comprehensive literature review (van Aalderen-Smeets et al., 2012). As part of their
review, the researchers pointed out some critical issues in the existing literature and theory,
which they considered and addressed in the construction of their framework. One critical issue
van Aalderen-Smeets et al. discuss is the incomplete, or lack of, definition for attitude as a
construct. As they explain, the incomplete definitions, or complete lack of definition, makes it
difficult to know what is being measured. Van Aalderen-Smeets et al. comment on how it is also
hard to “distinguish between attitudes towards science and other related concepts,” such as
opinions and motivations, which they state further complicate one’s ability to determine what is
being measured. They stress that this weakness in defining the construct leads to two ambiguities
in this area of research. The first weakness is the ability to distinguish between “attitudes towards
science” and “scientific attitudes.” Scientific attitudes are defined by van Aalderen-Smeets et al.
as consisting of “features that characterize scientific thinking, such as curiosity, being critical
about all statements, a demand for verification, or respect for logic.” They define attitudes
towards science as those that “indicate a variety of thoughts, values, feelings and behaviors
concerning such matters as an individual’s thoughts about the level of difficulty characteristic of
the sciences, the value attached to science for society, feelings of pleasure or interest with regard
to science and the desire or intention to learn more about science.” The second ambiguity
resulting from the indistinguishability of “attitudes towards science” and “scientific attitudes,” as
12

discussed by van Aalderen-Smeets et al., is the difference between teachers’ personal and
professional attitudes about science. Personal attitudes are “the attitudes of a person as a citizen,
independent of their profession,” (van Aalderen-Smeets et al., 2012) while teachers’ professional
attitudes refer to “the beliefs and feelings that they may have with respect to teaching these
topics within the school context” (van Aalderen-Smeets et al., 2012).
In their review, van Aalderen-Smeets et al. (2012) claim that, in some cases, teachers’
professional and personal attitudes are confused or combined, which further complicates
construct development, measurement, and interpretation. The researchers persist in critiquing the
methods and measures used in many studies of scientific attitudes, as well as attitudes towards
science, criticizing the use of total scores and the lack of pilot testing, proper evaluation, and
consideration of current psychometric standards. They claim that, as a result of these
methodology and measurement decisions, the measures can be challenging to interpret, replicate,
and compare to different studies.
After conducting their review and identifying the issues and weaknesses in the field, van
Aalderen-Smeets et al. (2012) developed and proposed a “comprehensive theoretical framework
for the concept of primary teachers’ attitudes towards science.” Initially, they used a tripartite
model as a base for their framework. However, after reviewing many studies focused on science
attitudes and attitudes towards science, they modified the model by keeping cognition and
affective states as two parts of the model and replacing the third part of the model, behavior and
behavioral intention, with perceived control. According to van Aalderen-Smeets et al.,
behavioral intention and behavior are not a part of the attitude construct but are to be viewed
instead as precursors, which defines the behavior of teachers. Van Aalderen-Smeets et al. explain
while the components of behavior and behavioral intention might be hard to measure, they are
13

nevertheless a part of the model and separate from the other components on a conceptual level,
thus making them separate from the construct of attitudes towards science.
The final theoretical framework of Teacher Attitudes towards Science by Van AalderenSmeets et al. (2012) consists of three components: cognitive beliefs, affective States, and
perceived control (See Figure 1). Across the three components are seven underlying attributes or
subdimensions. The first component, cognitive beliefs, consists of perceived relevance,
perceived difficulty, and gender beliefs. Perceived relevance refers to the importance of science;
more specifically, how necessary one views science in the context of society and daily life.
Perceived difficulty refers to one’s perception of science as a difficult subject or skill, while the
last attribute, gender beliefs, refers to beliefs about gender differences in science. The second
component, affective states, is comprised of enjoyment and anxiety, each referring to positive or
negative feelings of enjoyment or anxiety that one experiences with things related to science.
The final component, which replaced behavior and behavioral intention, is perceived control,
which is comprised of self-efficacy and context-dependency. Van Aalderen-Smeets et al. (2012)
included this third component because they found that the majority of the studies they reviewed
and consulted focused on self-efficacy. They asserted that self-efficacy cannot and should not be
considered in isolation from, but in congruence with, the other two dimensions. They also
asserted that while self-efficacy might be similar in some ways to the other two components, it is
still inherently different. They went on to define self-efficacy as consisting of “cognitive and
affective aspects that are focused on people’s internal beliefs about and feelings of being in
control to execute particular behaviors” (van Aalderen-Smeets et al., 2012). Van AalderenSmeets et al. (2012) also made a distinction between Bandura’s social-cognitive theory, which
included self-efficacy, and explained that in this framework, “the concept of outcome
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dependency does not apply.” They state, “in contrast to outcome expectancy, self-efficacy is
concerned with evaluative beliefs that individuals hold regarding their own ability to perform
certain actions” (van Aalderen-Smeets et al., 2012). In addition to self-efficacy, the perceived
control component also includes context dependency as a sub-attribute. Context dependency
refers to how teachers view the difficulty of science in relation to its context, or, more
specifically, external factors. An example of this is if teachers feel they can only teach science if
they have specific classroom materials. Thus, the perceived control component includes both
internal and external factors.

Development of the Dimensions of Attitude Towards Science (DAS)
After developing their theory of teachers’ attitudes towards science, van Aalderen-Smeets and
Walma van der Molen (2013) continued with their efforts of addressing weaknesses in the area
of science attitudes research by shifting their attention to measurement of teachers’ attitudes
towards science. In 2013, they developed a measure based on their framework called the
“Dimensions of Attitudes Towards Science Scale” (DAS). By creating the measure, van
Aalderen-Smeets and Walma van der Molen “sought to fulfill the need for a statistically and
theoretically valid and reliable instrument to measure pre-service and in-service teachers’
attitudes.” To develop their measure, van Aalderen-Smeets and Walma van der Molen created
seven subscales based on the seven sub-attributes included in their framework. Each subscale
consists of several items meant to measure not only the subscale but also the “underlying
subcomponent.”
After developing the initial items, the first version of the DAS was pilot tested with a
sample of 64 in- and pre-service teachers (van Aalderen-Smeets & Walma van der Molen, 2013).
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Participants were asked to complete the questionnaire, as well as provide feedback and
commentary on the items. Researchers also asked three respondents to re-write the questions in
their own words. Next, item-discrimination was examined by looking at the variance between
items, which was used to help researchers decide which items to drop. After dropping and
revising some items, the final version of the measure consisted of 28 items on a 5-point Likert
scale (1=Strongly Disagree, 5=Strongly Agree) across the seven subscales (See Appendix C).
The measure was distributed digitally to a total of 556 Dutch in-service and pre-service teachers
in the Netherlands. In addition to the questionnaire, the researchers also administered a
demographic questionnaire, which included items on age, gender, and previous education. They
also had parents answer the View of Science scale, which was a short questionnaire to measure
whether teachers had broad or narrow views of science. Finally, van Aalderen-Smeets and
Walma van der Molen included a behavioral intention scale, including separate questions for inand pre-service teachers.
Validation of the scale was determined by confirmatory factor analysis, which was used
to examine the hypothesized factor structure of the measure that was based on the proposed
framework of van Aalderen-Smeets et al. The internal consistency of each subscale was also
determined by calculating Cronbach’s alpha, and the item-total correlation was calculated to
examine the homogeneity within each subscale. The confirmatory factor analysis found the
hypothesized factor structure (model) fit the data well. To date, the DAS has been translated into
Spanish, Turkish, and English (Korur, Vargas, & Serrano, 2016; Wendt & Rockinson-Szapkiw,
2017).
In addition to psychometrically evaluating the DAS, van Aalderen-Smeets and Walma
van der Molen (2013) also examined and identified profile patterns of teacher’s attitudes towards
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science by plotting the data “of two related subcomponents from the same attitudinal dimensions
in a grid (scatterplot) and labeling the new data points according to their location in the grid.”
The researchers plotted means scores from the affect and perceived control dimensions, and the
grid was divided into four quadrants, which they “characterized and labeled… based on the
probability that teachers will teach science.” The four quadrants and corresponding teacher
profiles were labeled as “high potential,” “promising,” “reluctant,” and “indifferent.” High
potential teachers were characterized by having only positive feelings towards science and
experiencing no anxiety. Promising teachers enjoyed teaching science but felt anxious, while
reluctant teachers were reluctant to teach science and required support to do so. Lastly,
indifferent teachers were those characterized as being indifferent or disinterested in teaching
science.
More recently, Wendt and Rockinson-Szapkiw (2017) translated the DAS into English
for use in the United States. In addition to translating it into English, as part of their study,
Wendt and Rockinson-Szapkiw (2017) reviewed the DAS and its psychometric properties with a
U.S. sample of in-service and pre-service elementary school teachers. First, translation was done
by two translators. Next, the translated scale was reviewed by one of the original creators of the
DAS. The final translated version of the DAS consists of twenty-eight items on a five-point
Likert-type scale (see Appendix D). Next, six science education experts reviewed the scale. Once
complete, the final measure was administered to a sample of 300 U.S. pre-service and in-service
teachers. To evaluate the psychometric properties, Wendt and Rockinson-Szapkiw (2017) used
confirmatory factor analysis and Cronbach’s alpha (see Appendices F and G).

Students’ Science Achievement and Attitudes Towards Science
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Similar to parents, little is known about young students’ perceptions, attitudes, and beliefs about
science. However, research indicates that, for many, interest in science presents itself at a young
age. A study conducted by Maltese and Tai (2010) found the majority of scientists and graduate
students enrolled in STEM programs reported their initial interest in science starting before
middle school. They also found that female scientists’ interest was more likely to be schoolinitiated, while for men, it was more likely to be self-initiated.
One popular measure of young children’s attitudes and beliefs about science is
Chambers’ (1983) “Draw a Scientist Test” (DAST). The assessment consists of having students
draw an image of a scientist. Although it is a simple task, the assessment is considered reliable,
valid, and generalizable across different populations and different age ranges. In their (1999)
study, Barman et al. studied “Students’ views about scientists and school science.” As part of
their study, they used the DAST. Barman et al. found forty-one percent of K-2 students did not
see a use for science outside of school. Additionally, they reported approximately one third
(32%) of K-2 students could generalize science lessons outside of school. The majority of
students (85%) viewed science as doing a particular activity, while eighty-six percent of K-2
students saw scientists as professionals who work indoors. Interestingly, nearly half (42%) of K2 students drew scientists as female, though this number became significantly lower as students
got older. Finally, the majority (69%) of students depicted scientists as White.
In another study, Mantzicopoulos et al. (2007) developed the puppet interview scale,
which was a measure to test kindergartners’ “competence and enjoyment in science.” The
measure was piloted with 113 kindergartners, and measured their “science liking, science
competence, and ease of science learning.” The study reported no gender difference in the
participants, but reported motivational beliefs varied by the length of time the child had learned
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science. They also found science competence beliefs were positively associated with science
experiences. In a separate study by Mantzicopoulos et al. (2008), consisting of 110
kindergartners from Midwestern suburban public schools, researchers found three categories of
children’s science knowledge and experience: high motivational beliefs, low acceptance but high
liking, and low liking and moderate competence. The study found the categories did not differ by
gender, race, or early academic achievement. However, they did find the different categories
were associated with teacher interactions. Specifically, they found children with low acceptance
and high liking reported receiving less support from teachers.
Another study that focused on kindergartners’ early science experience by Saçkes et al.
(2011) found the frequency of kindergartners’ science activities did not significantly predict their
scientific achievement by the end of kindergarten or third grade. As a result, Saçkes et al.
propose it is the activities themselves, and not the frequency or duration, which affects young
students’ scientific achievement. Saçkes et al. also found, while scientific activities that involved
science equipment were not a significant predictor of kindergarten science achievement, cooking
activities were. Moreover, they found the availability of science equipment (such as sand and
water tables) was a significant predictor of kindergarteners’ engagement in activities. These
studies have implications for early childhood science education, as they demonstrate that
children are interpreting certain messages about science and science careers that are shaping their
views and understanding of science and scientists. These findings are especially important for
girls and students of color, who may not see science as a career for them, based on the messages
they receive.
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Teachers’ Attitudes towards Science
To date, there have been a number of studies regarding teachers’ attitudes towards science (e.g.,
Cho, Kim & Choi, 2003; Gerde, 2018; Korur, 2016; Lloyd, 2016; Maier, 2013; Park et al., 2016;
Pendergast, 2017; Piasta et al., 2015; Saçkes, 2011; Saçkes, 2014; Sherman, 2007; van AalderenSmeets, Walma van der Molen & Asma, 2012; van Aalderen-Smeets & Walma van der Molen,
2013; Venugopal, 2016; Yilmaz-Tuzun, 2008). These studies tend to focus on how teachers’
attitudes affect instruction. While research spans across grade levels, from preschool through
higher education, the bulk of it tends to focus on teachers in secondary and higher education with
less consideration given to elementary, preschool, and early childhood educators. The studies
that do involve preschool educators focus on examining and identifying how attitudes around
science and other potential factors, such as science education and access to science resources,
affect educators’ science instruction, and ultimately student achievement.
In a study focused on preschool educators and using a statewide database of Head Start’s
school readiness scores, Greenfield et al. (2009) found students’ science scores were lower than
all other content areas. Researchers identified self-efficacy in science and time management as
possible factors that may hinder preschool teachers’ abilities to teach science. Similarly, a study
conducted by Gerde, Pierce, Lee, and Egeren (2018) found for educators across 67 Head Start
classrooms, self-efficacy was highest for literacy, significantly lower for science and lowest for
math. Moreover, they found self-efficacy for science related to the frequency of science
instruction. They also found, overall, classrooms engaged in literacy more than science, and
teachers had a “modest amount” of science-related materials in addition to limited science
support.
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One of several tools to measure preschool teachers’ perceptions, attitudes, and beliefs
towards science is Maier’s (2013) Preschool Teachers’ Attitudes and Beliefs toward Science
Teaching scale (P-TABS). Using the P-TABS, Maier (2013) found teachers who had more
experience and preparation felt more comfortable teaching science and saw more benefits from
science passed onto children. Pendergast et al. (2017) conducted a similar study involving the PTABS with 112 preschool teachers and found teachers felt anxious and inadequate when it came
to their science knowledge and their ability to teach and support students’ scientific thinking and
learning. Similarly, Saçkes (2014) found the frequency of teachers’ instruction on science topics
in kindergarten was related to the number of science courses they had completed, the availability
of science-related instructional materials in the classroom, and the teachers’ perception of
students’ capacity for learning.
These studies suggest many factors influence early childhood educators and their science
instruction, with teachers’ perceptions, attitudes, and beliefs about science being critical. The
findings also indicate external factors, such as experience, can affect educators’ attitudes towards
science, as well as their instruction. Furthermore, these findings raise the question of whether the
same factors that affect preschool teachers’ attitudes towards science also affect preschool
parents’ attitudes towards science and their subsequent ability to support their child’s science
learning.
In a qualitative study on the beliefs and practices of Head Start teachers in early science
education, Venugopal also (2016) drew on van Aalderen-Smeets’s Dimensions of Attitudes
towards Science framework to identify several themes in Head Start teachers’ definitions of
science for young children. These included the world around them, science process skills,
practices, nature, topics, teachers, adult guidance, materials and tools, the child’s interest, and
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fun. Venugopal found the science skills identified by teachers for preschoolers aligned with those
found in the Next Generation Science Standards, including questioning, experimenting,
observing, investigating, predicting, and more. Furthermore, Venugopal identified themes in the
activities and resources that teachers identified as necessary to teach science to young children.
These included hands-on activities, appropriate materials, exploration, child-initiated activities,
and more. Factors including teachers’ educational backgrounds, experiences, or roles in the
classroom were not found to be related to teachers’ views of science. Lastly, the study found no
significant relationship between teachers’ beliefs about science and their science practices.
Venugopal’s (2016) study is one of few that focuses on views of science, or more
specifically, teachers’ conceptualization of science. The results of this study indicate the diverse
and varied ways teachers understand and conceptualize science and how these differences in
views of science may influence their instruction. Moreover, they raise the question of whether
parents’ views of science vary, and if so, how these differences might influence not only parents’
attitudes towards science, but also the science activities that they do with their children.

Parents’ Attitudes towards Science
Although much is known about teachers’ attitudes about science, considerably less is known
about parents’ attitudes towards science and their effect on student achievement. Even though the
teacher’s role in influencing a student’s level of achievement in science is essential, the role of a
parent is as important, if not more significant. One reason is the majority of children age three to
five in the U.S. are not enrolled in preschool (NCES, 2017). Despite this fact, little research has
been conducted examining how parental support, particularly in early childhood, can positively
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influence young children’s scientific knowledge and learning, thus creating a critical gap in the
field.
Related research concerning parental support of students’ science learning and
achievement, some of which involved older students, asserts that parents’ attitudes towards
science influence their children’s interaction with science (Chen, 2001; Rice et al., 2012; Andre,
Hendrickson & Chambers, 1998). A study by Rice et al. (2012) found students who report
having support from parents in math and science have a more positive attitude towards both
subjects and have a higher perception of their abilities and competence. In their study, Rice et al.
suggest that to enhance parental involvement and support of children’s science exposure and
knowledge, one must address parents’ perceptions, self-efficacy, and beliefs regarding science.
Similarly, Perera, Bomhoff, and Lee (2014) found when controlling for other variables, including
socioeconomic status, parents’ attitudes toward science have a significantly positive effect on
students’ scientific achievements. These findings support Rice et al.’s (2012) assertion that
changing parents’ attitudes toward science is necessary to improve scientific achievement in
schools.
Additionally, research suggests parents are more supportive of children’s reading and
math skills than they are of science, and the effect seems to be stronger with lower-income
families and families with girls. Hacieminoglu (2015) found parents’ income and education
levels had a significant effect on students’ scientific attitudes and beliefs. In a study conducted
with Turkish preschool parents, Saçkes (2014) found, overall, that preschool parents do not
prioritize science as highly as other subjects, such as math and literacy. Additionally, Saçkes
found that parents of boys and parents from higher socioeconomic backgrounds were more likely
to prioritize science. Concerning the role of gender, Crowley et al. (2001) found when discussing
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a scientific exhibit with their children during a museum visit, parents were three times more
likely to explain science to boys than to girls, suggesting the gender of the child has an impact on
parental attitudes towards science.
In a qualitative study on parental attitudes towards science, Barton et al. (2001)
investigated urban mothers’ perspectives on science. The study consisted of 24 mothers of
elementary school children, the majority of whom were African-American. The study found
mothers’ science perceptions could be categorized into four groups: science as schoolwork,
science as fun projects, science as a tool for maintaining the home and family, and science as an
untouchable domain. The study also found mothers had a more dynamic view of science when
they were discussing familiar situations and contexts, such as cooking and nutrition (Barton et al.
2001). Lastly, Barton found mothers who participated in team science activities with their
child(ren) were more likely to have “personal, dynamic, and inquiry-based views on science,”
suggesting parental attitudes are influenced by context and experience, like teachers.
More recently, a promising study conducted by the Education Development Center
(EDC) and SRI International Inc. titled, “What Parents Talk About When They Talk About
Learning,” focused on parents’ early learning, early science, media attitudes, and support
(Silander et al., 2018). The study included a nationally representative sample of families (N =
1442) recruited from across the country to participate in phone surveys. The survey included
questions regarding parents’ beliefs and practices around early learning content areas, such as
reading, math, socio-emotional skills, and science, as well as their media use and practices at
home. Of the parents who took the survey, the majority (85%) reported the belief that their
children will not learn everything needed in school. Almost all parents reported their desire to be
a part of their child’s education and took responsibility for teaching their child both academic
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and social skills. In terms of confidence, the majority of parents reported being confident in their
ability to teach their children skills such as reading (75%), math (73%), and social skills (71%).
However, just over half (54%) of surveyed parents reported feeling confident in their ability to
teach their child science skills. Relatedly, almost half of parents also reported viewing reading
and writing (44%), and social skills (47%) as more important to learn at home than science skills.
More than half (58%) of parents reported doing daily science activities with their children.
Finally, the majority of parents (71%) reported that receiving support would help in doing more
science at home with their child. These findings suggest that, while parents would like to do
more science activities with their children, they are unsure of how to do so.
An examination of demographic variables in the same study indicated that parents’ levels
of education were related to their confidence, with higher education levels associated with
greater confidence in their abilities to support science learning at home. The parent’s gender also
played a role, as mothers were less confident than fathers about supporting their children’s
science learning at home. However, mothers were more likely than fathers to conduct daily
science activities with their children. Income was also found to be related to parents’ reports of
daily science engagement activities, with lower-income parents reporting more daily engagement
than higher-income parents. This finding is noteworthy, as it seemingly contradicts the findings
of the studies previously outlined above, which suggest low-income students are less successful
when it comes to science achievement.
While parents were not asked to define science on the survey, according to the report,
when parents spoke about science as it related to their preschoolers, they discussed their child’s
curiosity, as well as their everyday activities, such as going to the doctor. Parents also mentioned
special projects such as making volcanoes, mixing colors, and making slime. The report noted
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that for some parents, science seemed to be difficult or confusing, with parents mentioning they
did not like science or that their child was too young to do science.
Although this study provided some insight into how parents interact or practice science
with their children at home, as well as their beliefs around early science, it focused primarily on
parents’ confidence and the frequency of science-related activities. Moreover, the study did not
examine or explore how parents conceptualize or understand science, nor did it look at parents’
attitudes towards participating in science activities with their child, but only focused on
frequency. The questions asked by Silander et al. (2018) were broad and, in many ways,
provided an incomplete view of parents’ attitudes towards science. Also, no psychometric
evaluation of the questionnaire was conducted; thus, it cannot be concluded the items in the
questionnaire successfully measure the intended constructs. Therefore, while the EDC/SRI study
was an essential first step in understanding more about preschool parents’ attitudes towards
science learning, further research is still very much needed.

Summary of Present Study and Research Questions
Summary and Rationale
Studies support that during early childhood years, the majority of children in the United States
are not enrolled in some kind of preschool. However, for the children who are enrolled in
preschool, there are no universally recognized preschool curricula or standards; most standards
implemented are state-mandated. And while the importance of and emphasis on literacy and
math skills and knowledge across state standards are widely recognized, the same cannot be said
for science. As previously mentioned, science standards for preschoolers vary widely between
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states and standards; therefore, even for students who are receiving some kind of formalized
education during early childhood years, it is still very possible they lack preparation and
knowledge in the domain of science.
Furthermore, research suggests that a child’s early science experiences can predict their
science knowledge and achievement in subsequent grades. Knowing this, I assert that further
research is required examining parents’ roles in preschool-aged children’s early science learning
experiences, especially at home. One aspect of early at-home science learning to be considered
is parents’ attitudes towards science. As mentioned previously, both children’s and teachers’
attitudes towards science have been found to be factors that impact students’ science
achievement and experience. For example, research indicates that teachers’ attitudes towards
science impact their science instruction. In this study, I assert that parents should be considered
in the same manner as teachers, as the role of the parent during early childhood years is not
solely a caregiver, but also an informal educator in the home environment.
To expand on the findings presented above, and better understand the role of parents and
their attitudes towards science in early science learning, research dedicated to adequately
measuring parents’ attitudes towards science is warranted. Because no measure of parental
attitudes towards science exists, there is a real and pressing need for an reputable measure. The
development of such a measure has the potential to help establish our understanding of parents’
roles in their children’s at-home informal science learning. The purpose of this study was to
develop and psychometrically evaluate a measure of preschool parents’ attitudes towards science
with parent reports from a sample of preschool parents in the United States. In this study, I adapt
Wendt and Rockinson-Szapkiw’s (2017) English translation of van Aalderen-Smeets and Walma
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van der Molen’s (2013) Dimensions of Attitudes towards Science (DAS) scale to create a parent
measure.
Another key objective of this study was to explore the relationship between parents’
attitudes towards science and additional constructs I assert to be theoretically meaningful and
related, including preschool parents’ views of science, definitions of science and preschool
science, support of science activities, and socio-demographics. I argue that these constructs are
theoretically related to preschool parents’ attitudes towards science, primarily based on findings
from studies (detailed in the literature review) that focus on teachers’ attitudes towards science as
well as a few relevant studies which focus on parents’ attitudes towards science.
Given the unique nature of science as a content area, compared to math and literacy, I
decided it would be most appropriate to adapt an attitudinal science measure developed for
educators. It would be ill-advised to adopt a parent measure of math attitudes, as it assumes that
the two content areas are similar enough that they can be treated as interchangeable, which, I
argue, is not the case. While science involves mathematical reasoning, they are still separate
content areas. Additionally, because I adopted Van Aalderen-Smeets’ theoretical framework
(Figure 1), which also served as the theoretical framework of my study, it was most prudent to
adopt the corresponding measure.
Theoretical Framework
This study is grounded in the work of Bronfenbrenner’s Ecological Systems Theory
(Bronfenbrenner, 1994), a highly influential ecological model of human development. According
to Bronfenbrenner, there are five aspects of the ecological environment. First, the microsystem,
which involves face-to-face interactions. These interactions typically occur between the child
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and family (parents), schools (teacher), and peers. The second system is the mesosystem, which
Bronfenbrenner defines as the linkage between two or more microsystems. An example of this is
how school experiences might affect family life. The third, the exosystem, is the linkage between
two settings and does not contain the child. This, for example, can refer to how the parents’
social network might affect parent-child interactions. The fourth is the macrosystem, which is the
“collective level,” consisting of bodies of knowledge, shared beliefs, and material resources. An
example of this could be the values and practices of cultures. Finally, the chronosystem
encompasses larger, more temporal forces, such as historical changes. An example of this would
be how the Great Depression affected achievement and motivation (Elder, 2018).

Ecological Systems Model and Parent Science Attitudes
This study examines an aspect of the microsystem that has been neglected in current research. As
mentioned before, the majority of the research around early childhood science achievement
focuses on either the child or school (educators). However, research supports the claim that
contexts outside of school must also be considered when studying early childhood science.
Adhering to Bronfenbrenner’s ecological model (1994), the family is another crucial dimension
of a child’s microsystem. Therefore, I argue that more research is needed that focuses on the
family, specifically parents, in the area of early childhood science. By doing so, I hope to address
the gap in the research and expand the collective understanding of how another dimension of the
microsystem, specifically the family, affects the child’s science learning, knowledge, and
achievement.
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A framework of teachers’ attitudes towards (teaching) science
The definition and understanding of teachers’ and parents’ attitudes toward science used in this
study are based on the theoretical framework of van Aalderen-Smeets, Walma van der Molen,
and Asma (2012). The framework consists of three dimensions: cognitive beliefs, affective
states, and perceived control (see Figure 1). Across the three components are seven underlying
attributes or subdimensions. The first component, cognitive beliefs, consists of perceived
relevance, perceived difficulty, and gender beliefs. Perceived relevance refers to the importance
of science, and more specifically, how necessary one views science in the context of society and
daily life. Perceived difficulty refers to one’s perception of science as a difficult subject or skill,
while the last attribute, gender beliefs, refers to beliefs about gender differences and gender
stereotypes in science. The second component, affective states, is comprised of enjoyment and
anxiety, each referring to positive or negative feelings of the enjoyment or anxiety one
experiences related to science. The final component is perceived control, which is comprised of
self-efficacy and context dependency. Self-efficacy relates to one’s confidence in being able to
teach and do science activities successfully. Context dependency refers to how teachers view the
difficulty of science in relation to its context. An example of this is if teachers feel they can only
teach science if they have specific classroom materials. Therefore, the perceived control
component includes both internal and external factors.
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Figure 1. Theoretical Framework of Teachers Attitudes Toward (Teaching) Science (based on
Van Aalderen-Smeets, Walma van der Molen & Asma, 2012).

Conceptual Framework
Because there is currently no framework or measure for parents’ attitudes towards
science, I drew from the more robust and established research in teachers’ attitudes towards
science. Due to their strong theoretical groundwork and corresponding supporting research, van
Aalderen-Smeets, Walma van der Molen, and Asma’s (2012) theoretical framework was used as
a foundation and guidance for the theoretical framework to understand preschool parents’
attitudes towards science, as well as the development of a measure of parental attitudes.
Building on van Aalderen-Smeets and Walma van der Molen’s framework, this study
proposes that parents, like teachers, have dual attitudes towards science, both personal and
parental. While personal attitudes are concerned with parents’ attitudes about science as a
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person, their parental attitudes have to do with their attitudes towards science concerning their
child. Specifically, parental attitudes refer to science learning and teaching science in the context
of parenthood and how it relates to their child’s education and achievement.
Given that the purpose of this study was to adapt an existing measure with the intent of
establishing a new one, this study only focuses on the three attitude components of van
Aalderen-Smeets and Walma van der Molen’s framework: cognitive beliefs, affective states, and
perceived control. The behavior and behavioral intention factors of van Aalderen-Smeets and
Walma van der Molen’s framework were not included in this study because the study’s purpose
is to measure preschool parents’ attitudes towards science. Further independent research should
examine the implications and causal assumptions associated with the inclusion of both behavior
and behavioral intention in the framework of preschool parents’ attitudes towards science.
Per van Aalderen-Smeets et al.’s (2012) theoretical framework, this study proposes that
parents’ attitudes towards science adhere to the tripartite model consisting of three dimensions
(cognitive beliefs, affective states, and perceived control) with seven corresponding attributes.
The first dimension of parents’ attitudes towards science is their cognitive belief, which is
comprised of three sub-dimensions: perceived relevance, perceived difficulty, and gender beliefs.
Parents’ cognitive beliefs include the perceived relevance of science as important. Research
suggests that preschool parents consider science to be less important than other subjects (Saçkes,
2014; Silander, 2018). If parents view science as less critical than other domains, they practice it
with their preschoolers less than other content areas.
Regarding perceived difficulty, I agree that science is typically viewed as a “difficult”
content area in which only “smart” people succeed (Osborne, Simon & Collins, 2003).
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Therefore, I argue that if parents view science as a difficult subject, they might be less willing to
do scientific activities or teach their child science. The third, and final, sub-attribute of cognitive
beliefs is parents’ gender beliefs about science. Although there are gender gaps in students’
science interests and success, they are less pronounced in earlier ages. Parents’ gender beliefs
about science affect the science-related activities they do with their children (Crowley, 2001).
So, I argue that parents’ gender beliefs about science will influence whether they do science
activities with their child.
The second dimension of parents’ attitudes towards science is affective states, which are
comprised of two sub-attributes: enjoyment and anxiety. If parents feel anxiety, as opposed to
enjoyment, when doing science activities with their child, this will affect the frequency of the
activities. Simply put, if parents enjoy doing science activities and view science as something
enjoyable, they will teach their child more science and do more science activities with their
child. If they feel anxious about science, they will do fewer science activities with their child.
The third dimension is parents’ perceived control of science teaching; this dimension
includes self-efficacy and context-dependency. I propose parental self-efficacy should refer to
parents’ internal beliefs about whether or not they can successfully do or teach science to their
child. If parents have low self-efficacy, they may be less likely to participate in such activities
with their child. Contrastingly, context-dependency, in this case, has to do with external factors.
It refers to how a parent views science concerning external factors or context. In other words,
context-dependency has to do with whether or not a parent needs support from external sources
in order to practice science with their child. For example, parents may feel as if they need
specific materials or a certain amount of time to engage in science activities with their child.
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Research Questions
There were two separate groups of analyses in this overall study. First, there was the
development and psychometric evaluation of the adapted measure, including the item
modification, creation, and testing of the psychometric properties. The goal of the corresponding
analyses was to test the psychometric properties of the measure and ensure that it was valid and
reliable. The second set of analyses relate to parent findings from the administration of the
measure. The goal of these analyses was to examine what the newly developed measure can tell
us about preschool parents’ attitudes towards science. The analyses also explored the parents’
views of science and their prior science experiences, including the relationships among them. As
a result, the corresponding research questions for both sets of analyses were as follows:

Analyses 1: Development and Psychometric Evaluation of the Parental Attitudes of Science
measure.
RQ 1. What are the psychometric properties of the Preschool Parents’ Dimensions of Attitudes
towards Science Scale (PP-DAS)?
RQ 1a. Does the PP-DAS demonstrate acceptable internal reliability?
RQ 1b. Does the PP-DAS demonstrate adequate construct validity?

Analyses 2: Exploration & Measurement of Parental Attitudes towards Science
RQ 2. What are preschool parents’ attitudes toward science?
RQ 3. What early childhood science practices and activities do preschool parents practice with
their child?
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RQ 4. What is the relationship between demographic factors such as education, gender, race,
income, and parental attitudes towards science?
RQ 5. What are preschool parents’ views of science?
RQ 6. What is the relationship between parents’ views of science, past science experience, and
their attitudes towards science?
RQ 7. Do underlying classes or profiles of preschool parents exist based on their attitudes
towards science?
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Chapter III. METHOD
Research Design
This study had two primary goals. The first was to develop and validate a measure of preschool
parents’ attitudes towards science by adapting Wendt and Rockinson-Szapkiw’s (2017) English
translation of the Dimensions of Attitudes Towards Science Scale (van Aalderen-Smeets &
Walma van der Molen, 2013). The second goal was to use this measure to explore preschool
parents’ attitudes towards science with reports from a sample of preschool parents in the U.S.
This study was a survey-based descriptive and correlational study. More specifically, the
research method employed was a quantitative, cross-sectional survey designed using online
surveys. The goal of this study was to collect information regarding preschool parents’ attitudes
towards science and other theoretically related and relevant constructs. This study aimed to
establish the prevalence of preschool parents’ attitudes towards science and examine the
relationships between those attitudes with several variables of interest. The independent variables
of interest were race, parent education, income, parent and child gender, past science experience,
and parents’ views of science. The primary dependent variable(s) of interest was preschool
parents’ attitudes towards science as measured by the seven subscales of the measure; each
subscale was its own variable.
IRB approval was obtained from CUNY’s Human Research Protection Program (HRPP).
To ensure our study conformed to the highest ethical practices, participants indicated their
informed consent before participating in the study.
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Participants
Parents of preschool-aged children, (N = 330) 3 and 4 years old at the time of the study,
completed the entire questionnaire, including the PP-DAS on Qualtrics. The majority of the
sample was married (78%), White (74%), female (52%), and between the ages of 30 and 49
(62%). (See Table 1-3 for detailed demographics.) Nearly half of the participants were mothers
of preschoolers (55%), 39% were fathers, and 6% identified themselves as legal guardians.
Reported annual household income levels among participants ranged from less than $25,000 to
more than $100,000, with more than half of participants reporting earnings between $25,000 and
$75,000 a year. Maternal and paternal education ranged from having no more than an eighthgrade education to having a graduate degree. Half of the parents reported having an associate’s
degree or higher.

Table 1. Participant Demographics
Parental Race

Income Level

Age Range

White

245 (74%)

Less than $25,000

55 (17%)

18-24

27 (8%)

Hispanic

25 (8%)

Between $25,000-$50,000

92 (28%)

25-29

79 (24%)

Black

22 (7%)

Between $50,000-$75,000

82 (25%)

30-49

206 (62%)

Asian

18 (5%)

Between $75,000-$100,000

44 (13%)

50-64

18 (6%)

Hawaiian

1 (0%)

Higher than $100,000

55 (17%)

Total

330

Other

2 (1%)

Total

328

Two or more

16 (5%)

races
Total

329
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Preschool parents reported more than half of preschoolers were four years old (57%), and just
over half were girls (52%). Nearly one-third of participants (37%) reported their child was
currently enrolled in a Pre-K program other than a daycare or Head Start. Regarding childcare
enrollment, there was an even split between those who reported their child attended childcare
full-time (35%) and half-time (36%). (See Table 2.)
Table 2. Parent report of current childcare status

Type of childcare
Daycare
Head Start
Other Pre-K program
Elementary School
Childcare is provided by family
members, friends or neighbors

Type of Attendance
Full-time
116 (35.3%)
Part-time
118 (35.9%)
Not applicable
90 (27.4%)
I don’t know
5 (1.5%)
Total
329

51 (15.5%)
39(11.9%)
122 (37.1%)
29 (8.8%)
23 (7%)

Child is not enrolled in preschool
or daycare

62 (18.8%)

I don’t know

3 (<1%)
329

Total

Table 3. Highest level of maternal and paternal education
Parent Education Level
8th grade or less

Paternal
5 (1.5%)

Maternal
2 (.6%)

Some high school

17 (5.2%)

16 (4.9%)

High school diploma or GED

80 (24.3%)

69 (21%)

Some college (no diploma)

61 (18.5%)

74 (22.5)

Associate’s degree (AA, AS) or
Technical Degree
Bachelor’s Degree (BA, BS)

36 (10.9%)

50 (15.2%)

75 (22.8%)

70 (21.3%)

Graduate or Professional Degree

43 (13.1%)

46 (14%)

Don’t know

12 (3.6%)

2 (.6%)

329

329

Total
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The inclusion criteria for the study were as follows: Participants currently live in the United
States, are the parent and/or legal guardian of a preschool-aged child (3-4), and are able to read
and speak English. Recruitment of participants was completed using these criteria by the secure
online research and data collection platform Qualtrics (Qualtrics, Provo, UT).
Child age range was restricted to between the ages of 3 and 4, because the typical age of
preschool children falls within this range. While in some circumstances preschool-aged does
include 5-year-olds, in all states, the Kindergarten entrance age is 5 years old. Additionally, in
D.C. and in states such as Arkansas, Connecticut, Delaware, Hawaii, and Maryland, the
compulsory school age is 5 years old. (Education Commission of the States, 2018). Thus, to take
a more conservative stance, the sample for this study restricted the child age to be between 3 and
4 years old.
Before conducting this study, data were simulated using Wendt and RockinsonSzapkiw’s (2017) CFA model to determine the appropriate sample size. The
‘findRMSEAsamplesize’ function in R’s ‘semTools’ package was used to estimate the
minimally acceptable sample size. Testing a model of approximate fit, null and alternative
RMSEA values were set to .045 and .055, respectively, with the power value set to .8 and
degrees of freedom set to 329. The estimated sample size was 310 participants, which was
considered to be appropriate for the types of analyses being conducted. Taking into consideration
the sample size of Wendt and Rockinson-Szapkiw’s (2017) and van Aalderen-Smeets et al.’s
(2013) samples—a sample size of around 315 participants was determined to be appropriate for
the study.
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Instrumentation
Participants were administered an online questionnaire, which included the adapted parents’
attitudes towards science measure (PP-DAS), as well as additional items meant to capture
theoretically related constructs as presented in Research Questions 3–5. In this section, I first
describe the development of the Preschool Parents’ Dimensions of Attitudes towards science
instrument, including item development, expert review, and pilot testing. Next, I review the
additional scales and items that were also included in the complete preschool parent science
questionnaire that was administered to all participants in the study.

Development of Preschool Parents Dimensions of Attitudes towards Science (PP-DAS)
To create the PP-DAS, I adapted Wendt and Rockinson-Szapkiw’s (2017) English translation of
the Dimensions of Attitudes Towards Science Scale (van Aalderen-Smeets & Walma van der
Molen, 2013). Permission was granted from the creator, van Aalderen-Smeets (2013), as well as
the creator of the English version of the survey, Jillian Wendt (2017). (See Appendix J & K.)
The modification procedure for items focused on adjusting the wording of the items, so they
were appropriate for preschool parents. The adaptation included altering items so that they no
longer referenced topics, such as classrooms and students, and revising them to reference more
appropriate, parent-related topics, such as at-home activities and their child; for example, the
item, “I think that most elementary school teachers find it difficult to teach subjects concerning
science,” (Wendt & Rockinson-Szapkiw’s, 2017) was modified to “I think most preschool
parents find it difficult to teach subjects concerning science.” Additionally, one item was added
to the context-dependency scale, which stated, “For me having enough knowledge of specific
science activities determines whether or not I will do science with my preschooler.”
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PP-DAS Pilot testing of instruments
Once the pool of revised items was completed, the draft questionnaire of the Preschool Parent’s
Dimensions of Attitudes towards Science scale (PP-DAS) was piloted with a small sample of 15
parents. All parents included in the pilot sample had children in the target age range of 3 and 4
years old. Participating parents were asked to review all items of the measure for face validity,
readability, and appropriateness. After piloting the questionnaire with parents, several edits were
made. (See Appendix A.) Some of these included clarifying wording within items and addressing
items they felt were redundant. While piloting the measure with parents, it became increasingly
clear there was a distinction between teaching science and doing science activities. As a result,
more items were added to the questionnaire in hopes of gaining a better understanding of
parents’ attitudes and beliefs. Also, the wording on the PP-DAS asked about parents’ attitudes
towards doing science activities with their child, rather than “teaching” science, which the
majority of parents expressed made them think of direct instruction of science, which they felt
they did not do.
In addition to piloting the questionnaire with preschoolers’ parents, two experienced
researchers in the field of early childhood science education research also reviewed the measure
as a means of content validation and to ensure it was appropriate for parents. Once reviewed by
both parties, another round of revisions was made to the measure. These revisions included
changes to wording, clarification of terms, and the addition and removal of items. The final
measure, titled the Preschool Parents’ Dimensions of Attitudes towards Science (PP-DAS) scale,
consists of 29 items on a 5-point Likert-type scale, with items ranging from Strongly Disagree to
Strongly Agree across seven subscales: Gender Beliefs, Perceived Relevance, Perceived
Difficulty, Enjoyment, Anxiety, Self-Efficacy, and Context Dependency. (See Appendix B.)
41

Additional Questionnaire Scales and Items
In addition to the PP-DAS, several additional scales and items were included in the complete
parent questionnaire. Some of these items were adapted and adopted from other measures, while
some were developed for the study. The purpose of these additional scales and items was to
capture the theoretically related constructs of interest, including parents’ views of science and
past science experiences; their definition of science and preschool science; science skills and
activities practiced at home; and socio-demographics.
Adopted and Adapted items

Views of Science Scale (van Aalderen-Smeets and Walma van der Molen, 2013)
Also included in the questionnaire was van Aalderen-Smeets and Walma van der Molen’s (2013)
Views of Science Scale. (See Appendix H.) This scale was used in the validation study of the
DAS (van Aalderen-Smeets and Walma van der Molen, 2013) and preceded the PP-DAS on
Qualtrics. The short, ten-item scale measures whether participants have a narrow or broad view
of science. Participants are asked to rank ten activities on their relation to science on a scale of 1
to 5 (from Nothing to A lot). The ten items are split between two subscales, Broad and Narrow.
A Broad view of science is calculated by taking the mean of the Broad subscale, with any mean
score above 4 indicating a broad understanding of science and any mean score equal to or less
than 4 indicating a narrow view of science. As van Aalderen-Smeets and van der Molen
explained (2013), “A narrow view of science refers to a view of science consisting of traditional
exemplars of science, such as electricity, computer technology, doing experiments, or working in
laboratories…However, science can also be understood as a more academic endeavor, such as
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improving our understanding of the world, acquiring and applying knowledge, or improving
products” (p. 10). According to van Aalderen-Smeets et al. (2013), teachers who incorporate
broader definitions of science into their personal definitions of science might display different
attitudes. Van Aalderen-Smeets et al. (2013) found that the scale demonstrated acceptable
reliability and validity. The factor analysis supported a two-factor model, and an acceptable
Cronbach’s alpha was found for both subscales (Narrow = .84, Broad = .76). Permission was
sought and granted from the scale creator Sandra van Aalderen for use in this study (See
Appendix J).
View on Science-Technology Society Scale item – VOSTS (Aiken, Ryan & Fleming, 1992)
In addition to the Views of Science Scale, one question from the View on Science-Technology
Society Scale (VOSTS) (Aiken, Ryan, & Fleming, 1992) was modified and included in the
questionnaire, preceding the PP-DAS. The VOSTS is an instrument of Science, Technology, and
Society (STS). The entire instrument includes 114 multiple-choice items that all address different
STS topics. Initially, the instrument was created to assess Canadian high schoolers’
“preconceptions concerning the epistemology and sociology of science” (Aikenhead & Ryan,
1992). One question from the VOSTS was used in our questionnaire to gauge preschool parents’
definition of science (See Appendix A & B.) The question asks participants to choose what they
feel is the best definition of science. After piloting the item and receiving feedback from parents,
the question was modified, so participants were instead asked to select their top three definitions
of science. Once they had done so, they were asked to choose the definition that they felt was the
best of the three. However, those who selected options indicating an inability to define science,
such as “No one can define science,” or “I don’t understand,” were not asked to select a top
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definition. Permission was sought and granted from the scale creator, Glen Aikenhead (See
Appendix I.)
Demographic Questionnaire (Silander et al., 2018)
After completing the entire questionnaire, participants were also given a basic demographic
questionnaire, which collected information about race and ethnicity, age, gender, education
levels of both parents, and socioeconomic status. Questions related to their preschooler’s age,
gender, race, and type of childcare were also included. These items were adapted from Silander
et al.’s (2018) national parent survey.

Developed Items
Parents’ Definition, Support and Practice of Preschool Science
In addition to the PP-DAS, additional survey questions were created to ask participants about
how they define and support science learning for preschoolers, as well as the activities they felt
were most related to science. Pilot items were drafted based on the themes and skills identified in
Venugopal’s (2016) study on Head Start teachers’ beliefs and practices in early science
education, as well as Silander et al.’s (2018) study and findings on how parents defined and
described science activities.
Additionally, multiple preschool science and kindergarten frameworks were used for reference,
including Head Start (2015), Sesame (2014), and PBS KIDS (2018). Parents in the pilot group
were asked to read through the items and provide suggestions and feedback. Parents were asked
to list any additional science definitions, activities, or skills they practiced with their
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preschoolers. Additional feedback was also provided by two experienced researchers in the field,
which was used to revise and finalize the items.
Parents’ Past Science Experiences
To measure past science experiences, a 12-item scale was developed (See Appendix L). The past
science experience scale included 12 items on a 5-point Likert scale, ranging from “Strongly
Disagree” to “Strongly Agree.” The scale asked parents to rate their level of agreement to 12
statements about their past science experiences at home and school, such as, "as a student, I did
well in science subject in school." All 12 items were piloted with the 15 preschool parents who
piloted the PP-DAS and were reviewed by two experts in the field. Revisions were made to the
12 items based on feedback from the parents and experts. Also, three additional items were
included in the questionnaire asking parents about their highest level of science education (e.g.,
"I took science classes in college or beyond").
Procedures
The final preschool science parent questionnaire, including the PP-DAS and the additional scales
and items outlined above, was administered to a sample of preschool parents in the U.S. The
finalized version of the measure was uploaded and formatted on the secure online survey
platform Qualtrics (Qualtrics, Provo, UT). Recruitment and administration were completed
through Qualtrics’ Purchase Respondents service. To recruit parents with children between 3 and
4 years old, Qualtrics used multiple recruiting methods, including third-party websites, and
verified that all participants met the criteria.
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Before being able to take the survey, participants were required to complete an online
consent form. Those who did not consent were not given the questionnaire but were taken to the
end of the survey. After consenting, participants were asked a few screening questions, including
whether they were a parent or legal guardian of a child within the required age range (3 to 4
years old). If participants did not meet these requirements, they were taken to the end of the
survey. After completing the consent form and screening questions, participants were
administered the final questionnaire, including the Parental Attitudes of Science scale (PP-DAS),
the Views of Science Scale, the Past Science Experiences scale, and a short demographic
questionnaire.
The entire questionnaire was administered online for two weeks. During that time,
participants were able to access the questionnaire via an anonymous link and were expected to
complete the survey in one sitting. The estimated completion time was 15 minutes for the entire
survey. No identifiable data was asked of the participants. Some survey items were programmed
as “suggested,” meaning participants were notified when they skipped a question before
continuing to the next page, in hopes of discouraging them from skipping items. Also, no more
than ten questions were included per page as a way of encouraging participants to complete all
items.
In total, the survey was administered to 605 participants. Of those 605 surveys, 275 did
not meet the requirements of the study and were therefore screened out. This included
participants who did not consent to being a part of the survey, participants who reported not
being the parent or guardian of a child 3 or 4, those who reported having a relationship other than
parent or legal guardian to the child aged 3 of 4, and, finally, those who reported having a child
outside the age range; this resulted in a total of 330 valid surveys being included in this study.
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Chapter IV. RESULTS
The following quantitative analyses were conducted to answer the research questions outlined in
Chapter 2: descriptive statistics, including frequencies; confirmatory factor analysis; MIMIC
models; and latent class analysis. This chapter provides descriptions of all analyses, including
relevant preliminary analyses by the research question, before presenting the results. Descriptive
analyses were performed with SPSS statistical software package. All modeling analyses were
performed with MPlus statistical software Version 8.1.
Descriptive Statistics
The descriptive statistics of the 29 PP-DAS items are presented in Table 4, arranged by subscale
(perceived relevance, gender beliefs, perceived difficulty, enjoyment, anxiety, self-efficacy, and
context dependency). Table 5 displays the composite score for each of the seven subscales.
Table 4. Descriptive Statistics for PP-DAS by item (N=326)
Item by Subscale

Min.

Max

Mean

SD

I think that science education (both at home and at school) is essential for helping
preschool children become more involved with society’s problems
I believe that science education (both at home and at school) is essential for
preschool children’s general development as citizens
I think that science must be included in a preschooler’s education (at home) as
early as possible
I believe that science education (both at home and at school) in early childhood is
essential for students to be able to make good educational and career choices

1

5

3.81

1.03

1

5

3.74

1.02

1

5

3.78

1.03

1

5

3.7

1.04

Because science education is so important in early childhood, I think that parents
should receive additional support in the area

1

5

3.68

1.04

I believe that preschool boys are more enthusiastic about experimenting and doing
science than girls
I think that preschool girls are more likely than boys to choose activities concerned
with science

1

5

2.79

1.19

1

5

2.72

1.05

I think that I would instinctively be more likely to choose a science activity for a
boy than a girl

1

5

2.68

1.18

Perceived Relevance

Gender Beliefs
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I believe that female caregivers can do a science investigation or activity with their
preschooler more easily than male caregivers

1

5

2.74

1.06

I think that male caregivers experience more enjoyment in doing science with their
preschooler than female caregivers
Perceived Difficulty

1

5

2.78

1.09

I think that most parents find science to be a difficult subject to teach to their
preschooler
I think that most parents find it difficult to do science activities with their
preschooler
I think that most parents find science topics complicated

1

5

3.5

0.96

1

5

3.3

1.04

1

5

3.5

0.95

Doing science activities with my preschooler makes me happy

1

5

3.97

0.81

I feel content when doing science with my preschooler

1

5

3.71

0.89

I feel excited when doing science with my preschooler

1

5

3.91

0.84

I enjoy doing science activities with my preschooler

1

5

3.97

0.85

I feel nervous while doing science with my preschooler

1

5

2.67

1.21

I feel overwhelmed while doing science with my preschooler

1

5

2.69

1.21

Doing science activities with my preschooler makes me feel anxious

1

5

2.63

1.17

I feel stressed when I have to do science activities with my preschooler

1

5

2.57

1.17

1

5

3.55

1.03

1
1

5
5

3.7
3.56

0.94
1.04

1

5

3.9

0.83

For me, having enough knowledge of specific science teaching methods
determines whether or not I will teach my preschooler science

1

5

3.16

1.06

For me, having enough knowledge of specific science activities determines
whether or not I will do science with my preschooler

1

5

3.22

1.07

For me, having ready to use, pre-packaged science materials determines whether
I’m able to do science with my preschooler
For me, having the support of others more qualified than me (such as teachers)
determines whether or not I do science activities with my preschooler

1

5

3.17

1.13

1

5

2.94

1.08

Enjoyment

Anxiety

Self-Efficacy
I have enough science content knowledge to teach it (science) well to my
preschooler
I am able to deal effectively with questions from my preschooler about science
I have enough science content knowledge to support my preschooler effectively
with science activities
I think I can successfully help my preschooler reach a solution during science
activities
Context Dependency

Table 5. Descriptive Statistics for PP-DAS by subscale
Subscale
Gender Beliefs*
Anxiety*
Perceived Difficulty*

Minimum
5
4
3

Maximum

Mean
25
20
15

16.3
13.4
7.7

Std. Deviation
4.6
4.2
2.5
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Perceived Relevance
Enjoyment
Self-Efficacy
Context Dependency*

5
4
4
4

25
20
20
20

18.7
15.5
14.7
11.5

4.1
2.8
3.2
3.4

*Subscale was reverse coded

Analyses 1: Development and Psychometric Evaluation of the Parental Attitudes of Science
measure.
Research Question 1. What are the psychometric properties of the Preschool Parents’
Dimensions of Attitudes towards Science Scale (PP-DAS)?
To test and establish the psychometric properties of the PP-DAS, namely validity, a confirmatory
factor analysis (CFA) was conducted. (See Figure 1.) CFA was selected because it helps
establish measurement validity by demonstrating and supporting the internal structure of the
scale. While an exploratory factor analysis may also have been an acceptable means of analysis,
CFA was chosen because of its advantages over exploratory factor analysis. One main advantage
of CFA is it allows for the specification of indicators loaded onto specific factors. Also, because
the model in this study is an adapted version of an existing model, CFA allows for the
specification and replication of the factor structure found by Wendt et al. (2017), as well as van
Aalderen-Smeets & Walma van der Molen (2013). The specified model is a 29-item, sevenfactor model, with the seven factors corresponding to each of the seven subscales of the PP-DAS
(perceived relevance, gender beliefs, perceived difficulty, enjoyment, anxiety, self-efficacy, and
context dependency). All 29 5-point Likert items were treated as ordinal, and as a result, the
weighted least squares mean and variance adjusted (WLSMV) estimator was used for analyses.
Items in the gender beliefs, anxiety, perceived difficulty, and context dependency
subscales were reverse coded before conducting the analyses due to being negatively worded.
The total score of the PP-DAS was calculated, and the descriptive statistics were examined to
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screen for outliers. Only one outlier was identified, with a score of more than three standard
deviations below the mean. As a result, this case was removed and not included in the CFA
analyses. Listwise deletion was used to handle missing data, resulting in three more cases being
excluded and resulting in a final sample size of 326 for the CFA.
Multiple fit indices were considered to determine model fit, including chi-square,
comparative fit index (CFI), Tucker-Lewis index (TLI), root mean square error approximation
(RMSEA) and standardized root mean square residual (SRMR). CFI/TLI greater than .95 is
considered a good model fit (Bentler, 1990; Brown, 2012). RMSEA less than .08 is considered
an indication of acceptable model fit, while RMSEA less than .05 is considered good, and
RMSEA less than .01 is considered optimal (MacCallum, Browne, & Sugawara, 1996). Lastly,
an SRMR value of less than .08 is considered a good model fit. When interpreting the ChiSquare fit statistic, consideration was given to the large sample size and how it might affect the
reported value due to the dependence of the value on sample size.
In addition to CFA, Cronbach’s alpha was calculated for each factor and subscale to
demonstrate the reliability of the PP-DAS. A coefficient alpha value above .8 is considered an
indication that the new scale has a high degree of internal consistency between scale items
(Raykov & Marcoulides, 2011). Inter-item and item-total correlations were also calculated as a
means to assess the reliability and internal consistency of each subscale.
Reliability & Internal Consistency
With a total of 29, 5-point Likert type scale items, ranging from “Strongly Disagree” to
“Strongly Agree,” the total composite score of the DAS ranged from 29 to 145. Theoretically,
after reverse coding all negative items, higher scores on the PP-DAS indicate more positive
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attitudes towards science. Cronbach’s alpha was calculated for each subscale (See Table 6) as a
measure of reliability and internal consistency. The reliability coefficient values were acceptable
across all seven subscales ranging from .81 to .90, thus demonstrating good internal reliability.
Inter-item and item-total correlations were also calculated. An examination of all item-total
correlations found that the removal of any item from any of the subscales would cause
Cronbach’s alpha for the corresponding scale to decrease.
Despite being theoretically meaningless, Cronbach’s alpha was also calculated for the
entire measure to ensure the measure, as a whole, had good internal consistency. The coefficient
alpha was found to be acceptable at .88. While a total score can be calculated, van AalderenSmeets explains that “this score would represent a variety of underlying concepts and is therefore
impossible to interpret” (van Aalderen-Smeets & Walma van der Molen, 2013). Therefore, no
total score was calculated nor used as a dependent variable in the subsequent analyses. Instead,
attitudes were measured by subscale.
Table 6. Cronbach’s Alpha by subscale
Subscale
Perceived Relevance

Item #
1-5

Gender Beliefs*

6-10

Perceived Difficulty*

11-13

Enjoyment

14-17

Anxiety*

18--21

Self-Efficacy

22-25

Context Dependency*

26-29

Total Composite Score

Score Range
5-25 (Higher score indicate strong cognitive belief
science is important)
5-25 (Higher score indicates strong belief against
stereotypes)
3-15 (Higher score indicates that teaching/doing
science is not difficult)
4-20 (Higher score indicates that teaching/doing
science is enjoyable)
4-20 (Higher score indicates that doing science is
not anxiety-provoking)
4-20 (High score indicates high confidence for
teaching/doing science)
4-20 (Higher score indicates teaching/doing science
is reliant on external supports)

Cronbach’s Alpha
.86 (good)

29-145 (Higher score indicates higher/more
positive attitudes towards science)

.88 (good)

.88 (good)
.81 (good)
.86 (good)
.90 (good)
.85 (good)
.81 (good)

*Reverse coded
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Construct Validity - Confirmatory Factor Analysis
A confirmatory factor analysis was conducted to establish the construct validity of the PP-DAS
by testing the factor structure of the instrument. Of specific interest was seeing if van Aadeleren
and Walma van der Molen’s seven-factor model that was confirmed in previous studies (Korur,
2016; van Aalderen-Smeets & Walma van der Molen, 2013; Wendt, 2018) could successfully be
applied to preschool parents instead of its intended population of primary and elementary school
teachers. Confirmatory factor analysis was chosen because it allows for the testing of the factor
structure and comparison of the parameter estimates and model fits found in previous studies
with teachers. The use of confirmatory factor analysis was also in line with Wendt and Korur et
al.’s validation studies, which used translated versions of the DAS. The model assumed each of
the 29 items was a function of one of the seven subscales (perceived relevance, perceived
difficulty, gender beliefs, enjoyment, anxiety, self-efficacy, and context dependency). All items
were treated as ordinal; the Weighted Least Squares Mean and Variance-adjusted estimator
(WLSMV) was used to estimate the model, due to the use of categorical indicators. (Brown,
2006)
Overall, the CFA indicated a good fit of the seven-factor model to the data (See Table 7.)
Goodness of fit was determined using several fit indices, including Chi-square, CFI, TLI,
RMSEA, and SRMR. The Chi-square value was found to be statistically significant (p-value
<.001). However, because Chi-square is dependent on sample size and assumes a normal
distribution (Brown, 2012; Tabachnick & Fidell, 2007), this finding was not surprising. Given
the larger sample size, the p-value of Chi-square was less of a concern, and other fit indices were
examined to determine the fit of the model. All other fit indices indicated a good fit of the seven-
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factor model to the data. Both the Comparative Fit Index (CFI) and Tucker Lewis Index (TLI)
were above .95, indicating a good fit (Bentler, 1990; Brown, 2012). Also, the Root Mean Square
Error Approximation (RMSEA) was .054, which also indicates good (.06) fit (Hu & Bentler,
1999; MacCallum, Browne, & Sugawara, 1996). The Standardized Root Mean Square Residual
was less than .08 (SRMR=.046), which is also an indication of good fit (Hu & Bentler, 1999).
The results support van Aalderen-Smeets’ seven-factor model, and the theoretical framework can
be applied to preschool parents. Furthermore, the CFA demonstrates the construct validity of the
Preschool Parents’ Dimensions of Attitudes towards Science scale by confirming the factors
structure of the measure.
Table 7. Fit Indices of PP-DAS Confirmatory Factor Analysis
Fit Index

!"
CFI
TLI
RMSEA
SRMR

Model 1: 7 factor 29-item model
697.01, p-value <.001
0.967
0.962
0.054
0.046
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Figure 2. Path diagram for the seven-factor model of the PP-DAS
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Analyses 2: Exploration & Overview of Parental Attitudes towards Science
Research Question 2. What are preschool parents’ attitudes towards science?
Based on previous studies (Korur, 2016; Wendt, 2017), there are two ways to calculate and
interpret DAS scores: one is using the mean score of each subscale (Wendt, 2017), and the other
is calculating the frequencies and percentages of the responses for each subscale (Korur, 2016).
The latter method was selected for the PP-DAS because it is easier to interpret and provides a
more accurate representation of the findings. The frequencies of responses within each subscale
were added. Next, the percentages of the response type for each category were calculated. There
are three types of responses: positive responses, which are responses with a 4 or 5 on the scale;
neutral responses, which are responses with a 3; and negative responses, which are responses
with a 1 or 2.
Results from the PP-DAS indicate that the majority of preschool parents view science as
an important topic for their preschoolers, are confident in their ability to do science activities,
and enjoy doing science activities with their preschoolers. More than 60% of parents had positive
responses in the perceived relevance subscale, indicating that the majority of parents considered
science to be important for preschoolers to learn. More than 70% of parents had positive
responses in the enjoyment subscale, indicating that the majority of parents enjoyed doing
science with their preschoolers. More than half of the parents (62%) had positive responses in the
self-efficacy subscale of the PP-DAS, indicating that most parents are confident in their ability to
teach and do science with their preschoolers. Close to half of parents (42.7%) were against
gender stereotyping in science activities with preschoolers, while more than half of parents
(51.4%) had negative responses in the anxiety subscale, indicating almost half of the parents do
not feel anxious when doing science activities with their preschoolers.
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Interestingly, nearly half of parents (52.5%) viewed science as a difficult topic. Finally,
regarding context-dependency, approximately 39% of parents viewed science as an area where
support is needed to do activities, while 28.3% of parents viewed science as an area where
support is not required. These findings suggest that, while there are some subdimensions of
preschool parents’ attitudes towards science where parents demonstrate agreement in their
attitudes and beliefs, such as perceived relevance, enjoyment, and self-efficacy, there are other
areas, such as context-dependency, where parents are in less agreement. Also, it is important to
note, across all seven subscales, approximately one-fourth to one-third of parents had neutral
responses. This finding suggests there might be a subset of parents who do not have strong
positive or negative attitudes towards science but remain neutral in their attitudes and beliefs,
which will be examined further through our last research question.
Table 8. Percentage of parent responses on the PP-DAS by subscale
Percentage of Responses
Positive Responses

Neutral

Negative Responses

Subscale
Perceived Relevance

5
24.7

4
39.7

3
24.4

2
7.5

1
3.7

Gender Beliefs*

7.9

15

34.5

29

13.7

Perceived
Difficulty*
Enjoyment

11.5

41

31.2

12.1

4.3

22.9

49.8

22.5

3

1.8

Anxiety*

8.7

15.6

24.3

33.9

17.5

Self-Efficacy

18.5

45.7

24.7

7.7

3.5

Context
Dependency*

9.5

29.7

32.6

20.2

8.1

*Positive response indicates negative science attitude

In addition to the PP-DAS items, parents were asked five additional questions related to
their attitudes towards science. Nearly 80% of preschool parents agreed teaching and doing
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science activities with their preschoolers were related. The majority of parents agreed they are
more likely to do science with (66.1%) and teach science (55.5%) to their children. Furthermore,
nearly two-thirds of parents (61%) agreed (including agree and strongly agree) that parents were
preschoolers’ most important science teachers, while nearly one-third of parents felt neutral
(30.9%), and approximately 8% of parents disagreed. Furthermore, the majority of parents (76%)
agreed that it was important for parents and families to help their preschoolers learn science,
while less than one-fifth (17.6%) of parents felt neutral, and only 6.4% disagreed.
Research Question 3. What early childhood science practices and activities do preschool parents
practice with their child?
To better understand preschool parents’ views of science, frequencies of parents’
definitions of science for themselves and preschoolers were calculated. Frequencies provide
insight on what definitions are most common amongst preschool parents. The science skills most
frequently selected by parents as appropriate for preschoolers included questioning,
experimenting, counting, observing, identifying things, finding out why things happen, and
investigating (Figure 3). The least selected science skills included using procedures, recording
data, collecting data, evaluating, drawing conclusions, classifying, measuring, and analyzing.
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W H I C H , I F A N Y, O F T H E S C I E N C E S K I L L S A N D
C O N T E N T L I S T E D B E LOW D O YO U C O N S I D E R TO B E
A P P R O P R I AT E F O R P R E S C H O O L E R S ?
I don’t know
I don’t believe science is important *
Using procedures
Recording data
Collecting Data
Drawing conclusions
Evaluating things
Analyzing
Classifying
Measuring
Predicting
Testing
Trial and Error
Cause and Effect
Problem Solving
Finding out why things happen
Identifying things
Counting
Investigating
Questioning
Experimenting
Observing
0

50

100

150

200

250

300

Figure 3. Frequency of science practices parents report as appropriate for preschoolers

The activities selected most by preschool parents as being science related included more
traditional activities, such as making a volcano, making slime, planting and watering seeds, and
using science kits. Other activities less likely to be selected by preschool parents as being related
to science included more everyday activities not as clearly linked to science such as going to the
doctor, taking care of and raising animals, cooking and baking, playing outdoors, and attending
or participating in a science fair. (See Figure 4.)
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WHICH, IF ANY, OF THE FOLLOWING ACTIVITIES DO
YOU CONSIDER TO BE SCIENCE RELATED?
Planting and watering seeds
Making a volcano with baking soda and vinegar
Making slime with liquid starch and glue
Using science kits
Talking about things your child notices and explores
Watching science related shows
Going to the aquarium, zoo or museums
Going Outdoors
Making play-doh or clay
Building with blocks or other building tools
Reading books and watching shows about space
Mixing Colors
Reading books and watching shows about dinosaurs
Playing outdoors
Cooking or baking
Attending or participating in a science fair
Taking care of or raising animals
Using iPad, laptop computer, technology
Going to the doctor
Coding
I don’t believe science is important for preschoolers
I don’t know

0

50

100

150

200

250

Figure 4. Frequency of activities parents report being related to science

The top five science skills parents reported practicing with their preschoolers were asking
a question out loud, creating and using models, exploring what-if scenarios, carrying out
investigations, and defining a problem out loud. The bottom five science skills (excluding “I
don’t know,” and “I don’t think science is important”) preschool parents reported practicing with
their preschoolers were using computers to create or understand something, collaborating with
others to solve a problem, collecting and sharing information with others, and developing
explanations to understand events and/or situations. (See Figure 5.)
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WHICH, IF ANY, OF THE FOLLOWING SCIENCE SKILLS DO
YOU HELP YOUR PRESCHOOLER PRACTICE?
I don’t believe science skills are important*
I don’t know
Use computers or technology to create something
Use computers or technology to understand something or solve a problem
Collaborate with others to solve a problem
Collect and share information with others
Develop explanations to understand events and/or situations
Define a problem (out loud)
Carry out an investigation
Explore "what if..." scenarios
Create and use models (for example, Legos, Play-doh, K-Nex, Minecraft)
Ask questions (out loud) when trying to solve a problem

0

50

100

150

200

Figure 5. Frequency of science skills parents report doing with their preschooler

Parents were asked to select from the same list of science-related activities the activities
that they do with their preschoolers. The top five activities selected were building with blocks;
making playdough; going to the aquarium, zoo, or museum; going outdoors; playing outdoors;
and talking about things they notice. The activities least selected by preschool parents included
coding, going to the doctor, reading books or watching shows about space, making slime,
making a volcano, and using science kits (Figure 6). Notably, three of the top five science-related
activities selected by preschool parents were in the bottom five activities preschool parents report
doing with their child, specifically, making slime, making a volcano, and using science kits. This
finding denotes a potential disconnect between parents’ science beliefs and practices and should
be examined further.
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WHICH, IF ANY, OF THE FOLLOWING ACTIVITIES DO
YOU DO WITH YOUR PRESCHOOLER?
Building with blocks, cups, Legos, or other building tools
Going to the aquarium, zoo or museums
Playing outdoors (for example digging in the sand or dirt)
Going Outdoors (walking in nature, going to the beach, hiking)
Making play-doh or clay
Planting and watering seeds
Talking about things your child notices and explores such as the…
Watching science related shows such as Sid the Science Kid
Reading books and watching shows for kids about dinosaurs
Cooking or baking
Mixing Colors
Using iPad, laptop computer, technology
Reading books and watching shows for kids about space
Going to the doctor
Taking care of or raising animals
Making slime with liquid starch and glue
Using science kits
Making a volcano with baking soda and vinegar
Attending or participating in a science fair
Coding
None
I don’t believe science is important
I don’t know
0

50

100

150

200

Figure 6. Frequency of activities parents report doing with their preschooler

Research Question 4. What is the relationship between demographic factors such as education,
gender (parent and child), race, income, and parental attitudes towards science?
A confirmatory factor analysis with covariates, also referred to as a Multiple Indicators
Multiple Causes (MIMIC) model, was used to test the association between demographic
covariates, including gender (both parent and child), income, race, and parent education with the
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seven subscales of the PP-DAS. This analysis method was chosen due to the nature of the PPDAS, which has no total score. While a total score can be calculated for the PP-DAS, it is not
meaningful. As van Aalderen-Smeets explains (2013), the score would be uninterpretable
because it would characterize multiple underlying concepts. Therefore, a total score was neither
calculated nor used as a dependent variable in analyses. Instead, attitudes were measured
separately by subscale. Conducting a MIMIC model allows the predictive nature of covariates on
each latent construct (subscale) and indicator to be tested.
MIMIC models employ an “External Explanatory Perspective” (De Boeck & Wilson,
2014), meaning that the model relates covariates to item responses. By including the external
variables or covariates in the model, they subsequently redefine the latent variables into varying
effects or effect sizes that are affected by the covariates that play an explanatory role. In this
case, the covariates are explaining the varying levels of parent agreement across the seven
subscales of attitudes towards science (latent variables). As De Boeck and Wilson (2014)
explain, “Item covariates have an effect on item responses, more in particular on the level of the
responses, the level of agreement… depending on the response scale.” The objective of
conducting a MIMIC model is to have a model that includes potential causal variables that have
been identified and are observable. One wants to find that the covariates that are theoretically
related to the latent variables, in this case, parents’ definitions and views of science, account for
more variance than those that are more person specific, which in this study are sociodemographic
characteristics such as race and gender. Such findings affirm that the latent variable(s) are best
explained and driven by theoretically related constructs rather than uninteresting characteristics.
The MIMIC model has two parts, the measurement model and the structural model. The
measurement model includes the factor structure of the PP-DAS; more specifically, the
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measurement model consists of the 29-item, seven-factor model described above for Research
Question 1. (See Figure 1.) The structural model includes the covariates, which are the
independent variables explaining the latent constructs. The first step in conducting the MIMIC
model was to use the established measurement model, which in this case, is the CFA conducted
and outlined in Research Question 1. Next, covariates were added to the model, which was then
checked to ensure the factor structure and fit of the model were not significantly affected.
However, because the covariates are exogenous, no change was expected in the factor structure
or fit. The model was also checked for modification indices to ensure there were no direct effects
between any covariates and indicators. Because a MIMIC model is still a structural equation
model, the same model fit indices outlined above for Research Question 1 still apply. In addition
to fit indices, standardized regression coefficients of direct effects between covariates and each
of the seven factors were examined and are reported. The direct effects are effectively regression
equations, controlling for the covariates and predicting the factor/subscale. Any coefficient with
a p-value at or below .05 is considered significant.
Additionally, the R2 value of each factor was examined and reported. Like regression, R2
is the proportion of the variance in each latent variable explained by the covariates. In the case of
MIMIC models, the R2 values indicate how much the covariates included in the model explain
the latent variables, which in the present study are the seven subscales/factors of the PP-DAS. A
high R2 value indicates that the covariates in the model account for much of the variance of the
latent variable, which in turn helps interpret and understand what is driving the latent variable.
The variables of interest included in this model were child race, income, type of
childcare, and parent education. The race variable was dichotomized into White and Non-White
because the majority of the participants who took the PP-DAS reported being White. Maternal
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and paternal education were also re-coded and condensed into a dichotomous variable,
representing parents who had attended some college or less and those with an associate’s degree
or higher.
Overall, the MIMIC model was found to fit the data (N = 307, ! " = 852.64, df = 510, pvalue <.001; CFI = .968, TLI = .962; RMSEA = .047; SRMR = .046); the inclusion of covariates
did not alter the factor structure, and no additional direct effects were included in the model.
Again, the Chi-square value was found to be significant and disregarded due to its sensitivity to
sample size. Regarding the direct effects of the covariates on the seven factors, after controlling
for the other covariates, race significantly predicted the gender, anxiety, and context-dependency
subdimensions; the results indicating positive relationships between preschool parents’ race,
gender beliefs, anxiety and context-dependency (See Table 9). These findings suggest White
preschool parents are expected to have fewer gender stereotypes (more positive attitudes),
experience less anxiety when doing science with their preschoolers, and require less support to
do science with their preschoolers.
When controlling for all other covariates, income significantly predicted perceived
difficulty and self-efficacy. Parent gender significantly predicted gender stereotypes. These
results indicate income has a positive relationship with preschool parents’ perceived difficulty
and self-efficacy towards science. From these results, one can expect parents with higher
incomes to view science as less difficult and have higher confidence in their ability to do science
with their child. The results also suggest a negative relationship between parent gender and
gender beliefs, from which one expects male parents to have more negative gender beliefs about
science for preschoolers, meaning they are more likely to possess gender stereotypes.
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Neither childcare type nor paternal education was a significant predictor of any subscale.
Although paternal education did not significantly predict any subscale, maternal education was a
significant predictor of self-efficacy, indicating a positive relationship between the two variables.
(See Table 9.) These results suggest mothers with higher educations are expected to have higher
self-efficacy and more confidence to do science activities with their preschoolers.
R2 values of the seven subscales/latent variables ranged from .021 to .102, meaning that
the covariates accounted for between 2% and 10% of the variance across the seven latent
variables. Examination of R2 values found none of the covariates were able to account for a
substantial amount of variance for any of the seven subscales. Only the gender beliefs and the
self-efficacy subscales had an R2 of modest value. (See Table 10.) This examination of the R2
statistics indicates that generally, demographics are not a sufficient or strong predictor of
preschool parents’ attitudes towards science; therefore, other variables must be considered which
can explain more of the variance of each of the seven subscales and parents’ attitudes towards
science, as a whole. These findings are promising because they suggest that preschool parents’
attitudes towards science cannot be explained or accounted for by sociodemographic factors such
as race, gender, and income. A subsequent research question (Research Question 6), examines
whether more theoretically relevant explanatory variables such as parents’ views of science and
past science experience are better covariates and account for more variance across the seven
subscales of preschool parents’ attitudes towards science.
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Table 9. Standardized Regression coefficients for each covariate by PP-DAS subscale
Subscale1

Income

Race

Perceived
Relevance

0.023

Gender Beliefs

0.061

Maternal
Ed
0.132

Paternal
Ed
-0.077

Child
Care
.002

Parent
Gender
.020

Child
Gender
.029

0.074

0.178*

-0.008

0.030

0.012

-.245***

-.023

Perceived
Difficulty

0.198*

0.042

-0.027

-0.044

0.006

-.080

-.023

Enjoyment

0.141

0.004

0.081

-0.010

0.012

-.016

-.104

Anxiety

0.082

0.138*

0.028

0.038

0.087

-.047

-.040

Self-Efficacy

0.169*

-0.033

0.173*

-0.057

0.030

.133

.043

Context
Dependency

0.069

0.215***

-0.071

-0.081

0.050

-.060

-.051

*p<.05. **p<.01. ***p<.001.

Table 10. Estimated R-square for Latent Factors of MIMIC Model
Latent
Variable/Subscale

R-square Estimate

S.E.

Two tail est. /S.E.

p-value

Perceived Relevance

.021

.019

1.125

.261

Gender Beliefs

.097

.034

2.864

.004

Perceived Difficulty

.035

.024

1.443

.149

Enjoyment
Anxiety
Self-Efficacy

.041
.046
.102

.025
.023
.037

1.627
1.966
2.762

.104
.049
.006

Context Dependency

.080

.032

2.508

.012

Research Question 5. What are preschool parents’ views of science?
Preschool parents’ views of science were measured using the Views of Science scale developed
by van Aalderen-Smeets et al. (2013). Before calculating scores, the internal consistency and
factor structure of the scale were examined to ensure the scale demonstrated good reliability and
validity. Cronbach’s alpha for the entire scale was .871, while alpha values for the narrow and

1

The gender beliefs, perceived difficulty, anxiety and context dependency subscales were reverse coded.
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broad subscales were .803 and .827, respectively, indicating good reliability of the scale and its
subscales. Exploratory factor analysis found the ten-item, two-factor model fit the data. CFA of
the broad subscale items suggested an adequate fit; only Chi-square and RMSEA valuables were
questionable. Parents’ views of science, specifically whether participants possessed a broader or
more narrow view of science, was determined by calculating the mean score of the Broad View
subscale. According to van Aalderen-Smeets and Walma van der Molen (2013), mean scores less
than or equal to four meant the participant had a narrower view of science. Scores above four
signified the participant had a broad view of science. According to van Aalderen-Smeets &
Walma van der Molen’s Views of Science scale, nearly half of preschool parents (48.5%) who
took the PP-DAS had a broad view of science.
Views of science were also measured by how parents defined science for themselves and
preschoolers. The majority of preschool parents reported their best definition of science as “A
body of knowledge, such as principles, laws, and theories, which explain the world around us
(matter, energy, and life).” The second and third most selected definitions, respectively, were “A
field of biology, chemistry, and physics” and “Exploring the unknown and discovering new
things about our world and universe and how they work” (see Table 11). Out of 330 preschool
parents, 17 parents did not feel science could be defined, selecting the option “No one can define
science.” One parent did not understand the question, while three parents did not feel they knew
enough about science to answer the question. Additionally, five parents reported none of the
definitions provided fit their basic viewpoint. Excluding the parents who did not feel they could
define science, the fewest parents selected definitions “Inventing or designing things (for
example, artificial heart, computers, space vehicles)” and “An organization of people (called
scientists) who have ideas and techniques for discovering new knowledge” (see Table 12).
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Table 11. Frequency of Parents selection for the “Best” definition of science

Definition
A study of fields such as biology, chemistry, and physics

Frequency
69

A body of knowledge, such as principles, laws, and theories,
which explain the world around us (matter, energy, and life)

131

Exploring the unknown and discovering new things about our
world and universe and how they work

57

Carrying out experiments to solve problems of interest about
the world around us

23

Inventing or designing thing (for example, artificial heart,
computers, space vehicles)

6

Finding and using knowledge to make this world a better place
to live in (for example curing diseases, solving pollution and
improving agriculture)

16

An organization of people (called scientist) who have ideas and
techniques for discovering new knowledge

3

Missing
Total

25
305

*Selected from Top 3 definitions chosen

Table 12. Frequency of parents’ top 3 definitions of science

Definitions of science selected by preschool parents*
A study of fields such as biology, chemistry, and physics
A body of knowledge, such as principles, laws, and theories, which explain the world
around us (matter, energy, and life)
Exploring the unknown and discovering new things about our world and universe and
how they work
Carrying out experiments to solve problems of interest about the world around us
Inventing or designing thing (for example, artificial heart, computers, space vehicles)
Finding and using knowledge to make this world a better place to live in (for example
curing diseases, solving pollution and improving agriculture)
An organization of people (called scientist) who have ideas and techniques for
discovering new knowledge
From the list below, please select your top 3 definitions of science.
No one can define science

Frequency
189
210
157
112
33
86
25

17

I don’t understand

1

I don’t know enough about this subject to make a choice

3

None of these choices fits my basic viewpoint

5

*Participants were asked to select their Top 3 definitions of science
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The majority of parents reported the best definition of science for preschoolers as “The world
around them (nature, weather, living things, non-living things, earth)” (Figure 7). The second
most selected definition of science for preschoolers was “Approaching experience in a scientific
way or having a science perspective.” The least selected definitions were “A set of specific
experiences on one topic of interest,” “Facts and information,” and “A set of skills and
practices.”
Figure 7. Frequency of Parents’ selection of “Best” Definition of Science for preschoolers

How would you best define science for preschoolers?
Science for young children is …
2% 2%

The World Around Them
A Set of Skills and Practices

17%

Facts and Information

7%

51%

A Set of Specific Experiences on One
Topic of Interest
Approaching experiences in a scientific
way or having a science perspective

10%

I don’t know
11%

I don’t believe science is important for
preschoolers

The majority of preschool parents were split between what they considered to be the best
way to support their child’s science learning. More than a third (38%) of parents reported that the
best way to support preschoolers’ science learning was “by exploring with them,” while 35%
believed the best way to support their preschoolers’ science learning was “by doing science
activities and experiments with them.” Only a small number of parents felt the best way to
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support their child’s science learning was by reading science-related books (<1%) or watching
and playing science-related shows and online games (3%) (See Figure 8).

What do you think is the best way for parents to help their
preschooler learn science?
0%
3% 3%

By providing appropriate materials
10%

13%

By explaining facts and information
to them
By exploring with them
By doing science activities and
experiments with them

34%

By reading science-related books to
them
37%

By watching science shows and
playing online science games
Missing

Figure 8. Frequency of Parents’ selection for the “Best” way to support preschoolers’ science learning

Research Question 6. What is the relationship between preschool parents’ views of science, prior
science experience, and their attitudes towards science?
A MIMIC model was also conducted to test the relationship among several theoretically relevant
covariates and parents’ attitudes towards science. The covariates included in the model were
preschool parents’ views of science, prior science experience, and definitions of science. As
outlined in the results for Research Question 4, this method was chosen because the PP-DAS has
no total score. A MIMIC model allows for testing of the predictive nature of covariates on each
latent construct (subscale), as well as each indicator. Because a MIMIC model is still a structural
equation model, the same model fit indices outlined above for Research Question 1 still apply.
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As with Research Question 4, the standardized regression coefficients of the direct effects
between the covariates and each of the seven factors were examined and reported. Any
coefficient with a p-value at or below .05 is considered significant; the R2 value of each factor is
also reported.
Preschool parents’ views of science were measured by their score on the Views of
Science scale (van Aalderen-Smeets & Walma van der Molen, 2013). The variable was dummy
coded, so parents with a mean score on the Broad Science subscale less than or equal to 4 were
coded as a zero, and those whose score was greater than four were coded as a one. Parents’
definition of science and preschool science were also included in the model as covariates.
Because the majority of parents selected one definition as their best definition of science, “A
body of knowledge, such as principles, laws, and theories, which explain the world around us
(matter, energy, and life),” the variable was dummy coded into parents who selected one
definition of science and those who did not. Parents’ definition of preschool science was treated
the same way, with the variable collapsed into parents who chose “the world around them” as the
best definition and those who did not. Lastly, past science experience was measured using the
total score from the 4-item past science scale developed (See Appendix L). The same process for
conducting the MIMIC model was followed as outlined above for Research Question 4.
The MIMIC model was found to fit the data (N= 323, ! " =778.98, df=444, p-value >.001;
CFI=.968, TLI=.963; RMSEA=.048; SRMR=.046) and did not alter the factor structure. No
additional direct effect modification indices were suggested or included in the model. Again,
Chi-square was found to be significant and was disregarded due to its sensitivity to sample size.
Controlling for all other covariates, past science experience was a significant positive predictor
of parents’ perceived relevance, enjoyment, and self-efficacy. The covariate was also a
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significant, negative predictor of gender beliefs. The finding suggests parents with a broader
view of science are expected to have more positive attitudes across the subscales of perceived
relevance, difficulty, enjoyment, and self-efficacy and are expected to have more gender
stereotypes.
Views of science, specifically whether one had a broad or narrow view of science,
significantly predicted perceived relevance, difficulty, enjoyment, and self-efficacy. These
results indicate the perceived relevance, enjoyment, and self-efficacy factors have a positive
relationship with views of science. Parents with a broader view of science had a higher score on
average, indicating more positive attitudes across the four subscales mentioned above than
parents with a narrower view of science. Furthermore, results also found that views of science
were a negative predictor of perceived difficulty, indicating the perceived difficulty factor has a
negative relationship with parents’ views of science. These results indicate parents with a
broader view of science are expected to have more positive attitudes in the perceived relevance,
enjoyment, and self-efficacy subdimensions. If we state it more plainly, parents with broader
views of science are expected to report having more confidence and enjoyment when doing
science with their preschoolers and report more positive views regarding the importance of
science for preschoolers, yet they still view science as a difficult subject.
Parents’ definitions of preschool science significantly predicted gender beliefs, while
parents’ definitions of science significantly predicted perceived relevance (see Table 13). These
results indicate that gender beliefs have a positive relationship with the parents’ definitions of
preschool science and suggest that parents who define science for preschoolers as the “world
around them” are expected to have more positive attitudes regarding gender stereotypes in
science. The results also suggest that preschool parents who define science as “a body of
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knowledge, such as principles, laws, and theories, which explain the world around us (matter,
energy, and life)” are expected to view science as an important subject for preschoolers to learn.
The results also found that the R2 values for each subscale were able to explain a
sufficient amount of variance for three of the seven subscales with specific reference to
perceived relevance, enjoyment, and self-efficacy (see Table 14). This outcome suggests that
other unknown variables account for the remaining variance in the subscales. Furthermore, the
results suggest that there are additional unknown variables that explain the variance of the four
additional subscales (Gender Beliefs, Perceived Difficulty, Anxiety, and Context Dependency).
These results are encouraging when compared to the results of the previous MIMIC model
conducted and described earlier (Research Question 4). The present findings demonstrate that the
seven subscales/factors are better explained by explanatory variables/covariates that are
theoretically related to parents’ attitudes towards science, rather than demographics.
Table 13. Standardized Regression coefficients for each covariate by PP-DAS subscale
Subscale2

Past
Science

Broad Science

PreK Science
definition

Top Science
Definition

Perceived Relevance

0.427***

0.297***

-0.015

0.121*

Gender Beliefs

-0.226***

0.025

0.128*

0.101

Perceived Difficulty

-0.019

-0.128*

0.046

-0.045

Enjoyment

0.589***

0.151**

0.000

-0.030

Anxiety

0.057

0.005

0.082

0.075

Self-Efficacy

0.618***

0.103*

0.014

0.013

Context Dependency

-0.076

-0.089

0.024

0.071

*p<.05. **p<.01. ***p<.001.

2

The gender beliefs, perceived difficulty, anxiety and context dependency subscales were reverse coded
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Table 14. Estimated R-square for Latent Factors of MIMIC Model
Latent
Variable/Subscale

R-square Estimate

S.E.

Two tail est. /S.E.

p-value

Perceived Relevance

.340

.046

7.313

.000

Gender Beliefs

.077

.029

2.598

.009

Perceived Difficulty

.022

.018

1.200

.230

Enjoyment
Anxiety
Self-Efficacy

.403
.017
.417

.045
.015
.045

8.910
1.137
9.367

.000
.255
.000

Context Dependency

.022

.017

1.278

.201

Research Question 7. Are there underlying classes of parents based on their attitudes towards
science, in addition to their views of science and past science experiences?
While van Aalderen-Smeets and Walma van der Molen employed plotting methods to identify
profile patterns for teachers based on five of the seven subscales of the DAS, in this study, Latent
Class Analysis was conducted to identify and examine possible parent profiles. Latent Class
Analysis was chosen because it allows one to examine the heterogeneity of the sample and
identify subgroups or classes based on response patterns. Latent Class Analysis identifies
subgroups of observations by looking for similar patterns in responses. Four indicators of model
fit were considered and reported: Akaike’s Information Criterion (AIC), Bayesian Information
Criterion (BIC), Entropy, and the likelihood difference test. The AIC and BIC of different class
models are compared as an indicator of it. A smaller AIC or BIC indicates a better fit. Entropy
refers to the distinction between classes based on each individual’s estimated class probability.
Entropy is based not only on an individual’s probability of being in their assigned class but also
on their probability of being in other classes. High entropy means people had a high probability
of being in their assigned class and a low probability of being in other classes. A value of .8 or
above is an indication of good entropy (Clark & Muthén, 2009). The Lo-Mendell-Rubin
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Likelihood Difference Test indicates whether the current model is significantly better than a
model with one less class. For example, it tests whether a 3-class model is significantly better
than a 2-class model. A significant p-value of .05 or less indicates the number of classes in the
current model is significantly better than a model with one less class.
First, a latent class analysis was conducted identifying only one class, after which the
model was run with two, three, four, and five classes, respectively. The fit indices for all models
were compared and reviewed to determine which number of classes not only best fit the data but
was also theoretically most appropriate. Because this was an exploratory analysis, there was not
a hypothesized number of classes expected.
Latent Class Analysis (LCA) was conducted with all seven subscales of the PP-DAS.
Because the PP-DAS included 29 items, which would have been too many for the analyses,
composite subscale scores were used as indicators in the models. These subscale scores were
treated as continuous indicators. An additional latent class analysis was also run, including the
seven PP-DAS subscales, as well as views of science and past science experiences. The
composite score of the shortened scale of parents’ past science experience (see Appendix L) was
used as an indicator in the model and was also treated as continuous. Finally, parents’ broad
science score was included and treated as binary, with zero equal to a narrow view of science and
one equal to a broad view of science.
Results of the latent class analysis, including all seven subscales of the PP-DAS,
identified five distinct classes of parents, which somewhat aligned to the four teacher profiles
identified by van Aalderen-Smeets & Walma van der Molen (2013). (See Table 15.) Using van
Aalderen-Smeets & Walma van der Molen’s profiles as a guide, the five classes were
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characterized as follows: Neutral, Indifferent, Reluctant, High Potential, Need Support. The
largest and most prevalent class, comprised of nearly half of the sample population (N=143), is
the High Potential class. Parents in the High Potential class are more likely to report neutral
beliefs about their perceived difficulty of science and their need for support, and they are more
likely to have positive attitudes across the other five subscales. The second-largest class, which
included a little over one-fifth of the sample (N=70), is the Indifferent class. These parents are
more likely to report neutral attitudes across six of the seven subscales of the PP-DAS; however,
they report having lower self-efficacy than the other four classes.
The remaining three classes are all characterized by parents who are more likely to report
needing support to do science with their preschoolers. Smaller than the High Potential class is the
Need Support class (N=34). Parents in this class are similar to those in the High Potential group,
with positive science attitudes across five of the PP-DAS subscales (gender beliefs, anxiety,
perceived relevance, enjoyment, and self-Efficacy). Like High Potential parents, Need Support
parents are also likely to report neutral attitudes about their perceived difficulty of science.
However, unlike parents in the High Potential class, these parents are more likely to report
needing support to do science with their preschoolers. The Promising class of parents, comprised
of approximately one-fifth of parents (N = 61), are parents who, for the most part, are likely to
report having positive attitudes towards science in the subdimensions of perceived relevance,
enjoyment, and self-efficacy. However, these parents are also likely to report experiencing
anxiety and view science as a difficult subject. Finally, these parents are also more likely to
report needing support to do science with their children. The smallest class (N = 15), comprised
of nearly 5%, is Reluctant parents. Parents in this class view science as important; however, they
are also likely to report having gender stereotypes, viewing science as difficult, and experiencing
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anxiety. Also, these parents are more likely to report needing support to do science with their
children.
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Figure 9. Five Class Solution: Plotted Class Means by indicator/subscale
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Figure 10. Five-Class Solution: Centered Class Means by indicator/subscale
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Table 15. Latent Class Analysis: Five-Class Solution Item Means (N=323)

Five Class Solution
Variable

Gender*
Anxiety*
Perceived Difficulty*
Perceived Relevance
Enjoyment
Self-Efficacy
Context
Dependency*
N

Overall
Item
Means
16.263
13.440
7.72
18.693
15.536
14.724
11.548

IndifferentNeutral

Promising

Reluctant

16.487
11.766
7.797
14.977
11.990
10.618
11.502

12.63
9.34
6.66
19.29
15.35
14.78
9.123

6.647
4.748
4.034
23.254
18.749
19.034
5.533

Secure High
Potential

SecureNeed
Support

17.91
15.57
8.06
19.08
16.13
15.36
11.984

19.79
19.05
9.73
21.23
18.91
18.1
5.884

323
70
61
15
143
*These subscales have been reverse coded. A higher score indicates more positive attitudes in the subscale
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Table 16. Criteria for Assessing Fit: Five- Class Solution

1
Class

2
Classes

3
Classes

4
Classes

5
Classes

AIC
BIC
Sample Size Adjusted
BIC
Entropy
Lo, Mendell, Rubin Test

12074
12127
12083

11808
11892
11822

11554
11668
11572

11441
11585
11464

11340
11514
11368

n/a
n/a

N for each class

C1 = 323

.782
2v1
Value 276
p = .305
C1 = 233
C2 = 90

.817
3v2
Value 264
p = .083
C1 = 128
C2 = 155
C3 = 40

.852
4v3
Value 125
p = .42
C1 = 36
C2 = 100
C3 = 174
C4 = 13

.873
5v4
Value 115
p=.03
C1=70
C2=61
C3=15
C4=143
C5=34

In addition to conducting a Latent Class Analysis using only the seven subscales of the PP-DAS,
another latent class analysis was conducted, which included parents’ views of science and past
science experience, in addition to the seven subscales. The results of the latent class analysis
with all seven subscales of the PPDAS and the two additional indicators indicated four distinct
classes of parents. These four classes directly paralleled the four teachers’ profiles identified by
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van Aalderen-Smeets and van der Molen (2013) and, thus, were characterized using the same
profile labels: high potential, promising, reluctant, and indifferent (see Table 18).
High-potential parents comprise almost a third of the sample (N = 110). These parents
may have a broad or narrow view of science, report having positive past science experiences, and
are more likely to report positive attitudes across all subscales except perceived difficulty, where
they are more likely to be neutral. They are confident and enjoy doing science with their
preschoolers with little to no anxiety and do not require support to do so. They view science as
important and have no gender biases or stereotypes.
Promising parents constitute about a third of the sample (N = 108). Parents in this class
may have a broad or narrow view of science. However, they view science as necessary and enjoy
doing it with their preschoolers. They have neutral views concerning gender stereotypes and
anxiety. These parents were more likely to report viewing science as difficult and to require
support to do science activities. These parents also have less confidence than Indifferent parents
and High Potential parents.
Indifferent parents are a smaller class of parents (N = 88). These parents are more likely
to have a narrow view of science and have more neutral views across all seven subscales and
past science experiences. Compared to the other three classes, these parents view science as less
important and experience the least amount of enjoyment and confidence when doing science
with their child. Finally, these parents have the least positive past science experiences compared
to the other three classes.
The smallest class (N = 17) is reluctant parents. These parents are more likely to have a
broad view of science, and, of the four classes, they have had the most positive past science
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experiences. Furthermore, they report being confident and enjoying doing science with their
children. However, they are more likely to report having gender stereotypes, viewing science as
difficult, and experiencing anxiety when doing science. Parents in this class also report requiring
support when doing science activities with their child.
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Table 17. Criteria for Assessing Fit: Four-Class Solution

1
Class

2
Classes

3
Classes

4
Classes

5
Classes

AIC
BIC
Sample Size Adjusted BIC
Entropy

14214
14279
14225

13907
14009
13924

13575
13715
13598

13436
13614
13645

13324
13539
13359

n/a

.778

.822

.839

.879

Lo, Mendell, Rubin Test

n/a

N for each class

C1 = 323

2v1
Value 321
p = .05
C1 = 106
C2 = 217

3v2
Value 346
p = .37
C1 = 107
C2 = 68
C3 = 148

4v3
Value 157
p = .002
C1 = 108
C2 = 88
C3 = 17
C4 = 110

5v4
Value 129
p=.08
C1=71
C2=16
C3=64
C4=138
C5=34

Table 18. Latent Class Analysis: Four-Class Solution Item Means (N=323)

Four Class Solution
Variable

Overall
Item
Means

Indifferent
Parents

Reluctant
Parents

Promising
Parents

High
Potential
Parents

16.263
16.982
6.885
13.942
19.484
13.440
12.403
4.991
12.078
16.952
7.72
7.875
4.247
6.816
9.048
18.693
14.858
22.867
19.705
20.070
15.536
12.637
18.405
15.822
17.095
14.724
11.565
18.808
14.743
16.564
11.548
11.628
5.772
9.572
14.361
14.102
10.837
18.586
14.890
15.199
323
88
17
108
110
*These subscales have been reverse coded. Higher scores indicate more positive attitudes in the subscale

Gender*
Anxiety*
Perceived Difficulty*
Perceived Relevance
Enjoyment
Self-Efficacy
Context Dependency*
Past Science
N

Table 19. Probability of Class Assignment by Indicator

Views of Science
Narrow view
Broad View

Results in Probability Scale
Indifferent Reluctant Promising
High
Parents
Parents
Parents
Potential
Parents
.748
.252

.177
.823

.478
.522

.436
.564

Narrow view – broad mean score less than or equal to 4
Broad view – broad mean score more than 4
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Chapter V. DISCUSSION AND SUGGESTIONS FOR FUTURE
RESEARCH
Summary
Currently, there exists a science achievement gap in the United States, where minority and lowincome students are significantly less successful in science than their affluent, White peers.
According to the U.S. Bureau of Labor and Statistics, between 2014 and 2024, mathematical
science jobs are expected to grow by approximately 28%, making it one of the fastest and
highest growing occupations in the country. While past studies have focused primarily on
science education and achievement in middle and high school, recent findings suggest that one’s
scientific knowledge in preschool and kindergarten can affect and predict their science
achievement later on (Quinn & Cooc, 2015; Curran & Kellogg; 2016; Morgan et al., 2016). As a
result, research is beginning to shift focus to early childhood science, and while there has been a
generous amount of research regarding students and teachers (Greenfield et al., 2009; Maier,
2013; Cho, Kim & Choi, 2003; Saçkes, 2014; van Aalderen-Smeets et al., 2012; Yilmaz-Tuzun,
2008), considerably less research has been conducted that focuses on parents. This gap in the
research is troubling, as it is widely recognized and understood parents play a crucial role in a
child’s early learning. Thus, it is imperative not to overlook the role of the parent, primarily
because during early childhood years, a child’s parent is their primary educator.
As the 2016 study by Morgan et al. suggests, a child’s first exposure to scientific content
and activities most likely takes place at home and not the classroom. Therefore, to better
understand how young children’s early science knowledge and skills develop, one must consider
the role of parents and caregivers. Research suggests science attitudes are associated with science
achievement. However, while there are several measures for both students’ and teachers’
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attitudes towards science, currently no measure exists for parents. Therefore, the development of
a parent measure of attitudes towards science is critical to further research in early childhood
science learning and achievement.
In this study, van Aalderen-Smeets et al.’s (2012) theoretical framework of teachers’
attitudes towards science as well as van Aalderen-Smeets & Walma van der Molen’s (2013)
corresponding measure, the Dimensions of Attitudes towards Science Scale (DAS), were adapted
and applied to preschool parents, in order to create a parallel framework and corresponding
measure of preschool parents’ attitudes towards science. Taking into consideration pertinent
criticism regarding the measurement of science attitudes, per Blalock et al.’s (2008) suggestion,
an existing measure of attitudes towards science was adapted and revised to create the Preschool
Parents Dimensions of Attitudes towards Science scale. Furthermore, as recommended by
Blalock et al., dimensional analysis, specifically confirmatory factor analysis, was conducted on
the newly adapted measure. Also, per Osbourne’s (2003) suggestion, parents’ attitudes towards
science were treated as a multidimensional construct.
The purpose of the current study was to develop and begin to validate a measure of
preschool parental attitudes towards science and consequently use this measure as a starting
point to understand preschool parents’ attitudes towards science with parent reports from a
sample of preschool parents in the U.S. In addition to creating an adapted measure of preschool
parents’ attitudes towards science, this study also examined the relationship between preschool
parents’ attitudes towards science and other theoretically relevant constructs, such as parents’
past science experiences. Lastly, this study examines the science skills, practices, and activities
that preschool parents do with their children.
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Overall, the results of this study found the Dimensions of Attitudes Towards Science
theoretical framework, as proposed by van Aalderen-Smeets et al. (2012) for primary teachers,
can also be applied to preschool parents. Moreover, the adapted version of the DAS for
preschool parents, the Preschool Parents’ Dimension of Attitudes towards Science Scale (PPDAS), demonstrated construct validity, internal reliability, and concurrent validity as a measure.
Regarding preschool parents’ attitudes towards science, results found the majority of parents
viewed science as an important subject for their preschooler to learn, and they enjoyed and were
confident in their ability to teach and do science activities with their child without anxiety.
However, results indicate the majority of parents also viewed science as a difficult subject to
teach and do with their child. Furthermore, results suggested the majority of preschool parents
were against gender stereotypes. However, more variation was found in the subdimension of
context-dependency, with some parents reporting needing support to do science with their child
and others not.
Concerning preschool parents’ view of sciences, nearly half of parents were found to
have a broad view of science. Results also found the majority of parents defined science for
preschoolers as, “The world around them” and science for themselves as, “A body of knowledge,
such as principles, laws, and theories, which explain the world around us.” Correspondingly, the
activities parents perceived as science-related were more traditional activities, with a clear
connection to science, such as making a volcano. In contrast, parents were more likely to report
doing more daily and perfunctory tasks and activities, like cooking with their child, than the
traditional science activities they reported as being related to science; this suggests a disconnect
between parents’ perceptions and practice of science activities.
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Regarding demographic factors, results found demographic covariates such as income,
race, maternal education, and parent gender were significant predictors of multiple
subdimensions of preschool parents’ attitudes towards science. However, these covariates
explained only a small amount of variance for each subdimension. Likewise, findings indicated
parents’ past experiences, definitions, and views of science were significant predictors of several
subdimensions of preschool parents’ attitudes towards science. These variables were also found
to account for a sufficient amount of variance in several subdimensions.
Additionally, results indicate there are five distinct groups of preschool parents based on
the seven subscales of the PP-DAS, which loosely paralleled the four profiles identified by van
Aalderen-Smeets and Walma van der Molen (2013). We termed these five classes: high
potential, need support, indifferent, promising, and reluctant parents. The majority of parents
were found to be a part of the high potential class, while the smallest class was the reluctant
class.
Finally, results also identified four distinct groups of preschool parents based on their
responses on the seven subscales of the PP-DAS, as well as their views of science and past
science experience. These four classes significantly resembled van Aalderen-Smeets and Walma
van der Molen’s (2013) four teacher profiles. Thus, I characterized the four classes based on the
same classification: high potential, promising, indifferent, and reluctant parents. High potential
and promising parents represented the majority of the sample population, while indifferent
parents accounted for approximately one-fourth of the sample population. The smallest class was
reluctant parents, who require the most support.
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Key Findings
Measuring Preschool Parents’ Attitudes towards Science
One of the goals of this study was to develop and conduct a psychometric evaluation of a
measure of preschool parents’ attitudes towards science. Another objective of the study was to
verify that the framework of teachers’ attitudes towards science could also be applied to
preschool parents. The results of this study indicate that the Dimensions of Attitudes towards
Science framework (van Aalderen-Smeets et al., 2012) can be successfully applied to preschool
parents and the PP-DAS is an acceptable measure of preschool parents’ attitudes towards
science. Overall, the findings of this study are consistent with those of Wendt (2018), Korur
(2016), and van Aalderen-Smeets and van der Molen (2013). Furthermore, these findings expand
those of van Aalderen-Smeets and van der Molen by successfully applying and adapting their
framework and measure to another population, specifically, preschool parents. From these
results, I conclude preschool parents’ attitudes should be treated as a multidimensional construct,
and should be measured accordingly. These findings also provide insight into the out-of-school
context of early childhood science learning by demonstrating a potential need for parent support
in early childhood science.
Preschool Parents’ Attitudes towards Science
My findings are consistent with Silander et al.’s (2018) findings that parents are confident
in their ability to do science with their child, but that support is needed. Like Silander et al., I
also found demographic factors, such as income and maternal education, to be significant
predictors of parent attitudes, specifically, confidence. However, in their study, Silander et al.
found income and parent education to be predictors of a unitary construct, which they defined as
parents’ confidence. Contrastingly, this study found these predictors, in addition to other
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demographic factors, such as race and parent gender, to be predictors of specific subdimensions
of parent attitudes, of which self-efficacy was one. Therefore, from my findings, I conclude that
while parents may be confident in their ability to do science with their child and enjoy doing
science with their child, they still view science as a difficult subject and, in some cases, may
need more support to do science with their child. Furthermore, while my results are consistent
with a number of related studies which found differences in early science learning and
achievement by demographic factors, including race, income level, and parent education, the
results of this study expand on these findings by demonstrating the impact of the aforementioned
factors, specifically on parents’ attitudes towards science, which we treated as a
multidimensional construct.
Gender differences
In addition to income, maternal education and race were significant predictors of preschool
parents’ attitudes towards science; parent gender was also found to be a significant predictor of
the subdimension gender beliefs. However, child gender was not found to be a significant
predictor of any subdimension. These findings suggest parent gender might influence how
parents interact with their children around science. Additionally, these findings are in line with
Silander et al.’s (2018) finding of gender differences among parents’ confidence and frequency
with which they engage in science activities with their child. Therefore, I conclude while child
gender may not be an important factor in early childhood science, parent gender may be.
A disconnect between perception and practice
One key finding from this study is the apparent disconnect between the activities parents
perceive as being science-related and the skills and activities they practice with their child. The
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activities parents viewed as being related to science were traditional science activities, while the
activities parents reported doing with the child were at-home, everyday activities. These findings
seem to support Barton et al.’s (2001) taxonomy of parents’ perspectives on science. In their
study (2001), Barton et al. identify four different themes that characterize the way parents
perceive science, schoolwork, fun projects, home and family, and science as untouchable. These
themes align and are present in the current study findings, especially the grouping of activities as
fun projects or home and family activities. This study found the activities that parents most
commonly perceived as being related to science were activities that could be categorized as “fun
projects.” Contrastingly, the activities more commonly reported by parents as those they do with
their child were activities that would be categorized as home- and family-based.
This potential disconnect was again highlighted by the two most popular activities
selected by parents as the best way to support their child’s science learning. The majority of
parents reported the best way to support their preschoolers’ science learning was by exploring
with them or by doing science activities and experiments with them. From parent responses, it
appears there are parents who feel that the best way to support their child is through more
unstructured exploration, and there are others who prefer more structured activities, such as
projects and experiments. These are consistent with the findings of Silander et al. (2018), which
suggested when they asked parents what science activities they did with their child, parents
mentioned a variety of activities, including daily and more traditional science activities.
Findings from the current study also suggest parents are more likely to view specific
science skills and practices as appropriate for preschoolers than others. Results assert the science
skills and practices parents view as being appropriate for preschoolers are less technical terms.
These findings suggest parents may need help interpreting or understanding what more complex
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science skills and practices look like for preschoolers. One explanation could be parents do not
think the more complex skills and practices are appropriate for their preschoolers and, thus, do
not realize they could be doing age-appropriate forms of these skills with their child. Another
explanation could be related to parents’ definitions of science. Results found the majority of
parents selected definitions of science for preschoolers and themselves focused on explaining the
natural world. These definitions of science might be too narrow, as they only address content and
not skills and practices. If parents are indeed primarily associating science with content, rather
than skills and practices, it may hinder the science activities they do with their child; when doing
science activities with their child, parents may be too focused on the content and not the practice
of skills.
Based on this study’s findings, I conclude that while preschool parents have strong
attitudes toward science, they demonstrate a lack of understanding with regard to different ways
of supporting their child’s science learning. These findings have substantial implications for
policy and practice, as they identify a particular area where parents may need support.
Additionally, these findings denote a potential limitation in the way science, specifically early
childhood science, is explained and defined for parents, with more focus afforded to content and
not enough attention on science skills and practices; compared to math, for example, which,
when broadly defined in early childhood, is arguably synonymous and associated with specific
skills and content (for example, counting). While this ideally would be the case for science, it is
possible that what is happening with science is the opposite; instead, science is more associated
with content and less with skills. It is not yet understood whether this occurs because parents do
not recognize science skills and practices as integral to science or because they view some
science skills as inappropriate for preschoolers.
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Parent Classes based on Attitudes towards Science
The results of this study indicate that there are four distinct subgroups of preschool parents,
based on their attitudes towards science and their past science experiences and views of science.
These four classes parallel the four teacher profiles found by van Aalderen-Smeets and van der
Molen (2013) by using the DAS. The four classes of parents were characterized using the same
profile labels established by van Aalderen-Smeets and van der Molden (2013): high potential,
promising, indifferent, and reluctant. Results suggest that there are preschool parents who are
more secure in their beliefs around science and have a high potential to engage in science
activities with their preschooler successfully.
Results also indicate that there are parents who have more neutral beliefs and might be
indifferent to doing such activities. Additionally, some parents are not as confident in their
ability to teach and do science with their preschoolers, while others, regardless of reported
confidence, need support to do science with their preschoolers. These findings are also consistent
with those of Silander et al. (2018), who concluded that while parents are confident in their
ability to do science with their preschoolers, they may need support, as they might not know
what to do. From these findings, I conclude that while there are prevalent attitudes towards
science amongst preschool parents, just as with teachers’ attitudes, there exist variations and
patterns within parent responses, which can be characterized by parent profiles. Furthermore, I
speculate that parents within these profiles engage with their preschoolers in different ways.
These findings have implications for policy and practice, as they demonstrate a potential need for
more varied and personalized support for preschool parents to help them support their child’s
science learning.
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Limitations
I acknowledge that this study has limitations. One potential threat to validity was the risk of
obtaining a biased sample. While internet access is more widespread and prevalent today, it still
varies. Therefore, there was a risk of the study only consisting of participants who have internet
access. Furthermore, because participants in this study were recruited and volunteered to
participate, the sample has the potential to be biased by consisting of parents who were willing to
participate; therefore, they may not represent a true sample of the population.
Also, due to the recent focus on STEM in policy and education, social desirability could
have influenced parents’ responses to the questionnaire. Relatedly, the “demand effect” was a
limitation, as participants taking the questionnaire could have inferred the purpose of the study
from the questions asked. Another limitation related to the sample is the representativeness of the
sample compared to the general population. While the intent was to recruit a large, diverse
sample of participants, the sample recruited was primarily White; therefore, it was not a
representative sample of all preschool parents in the U.S. Consequently, it is possible that the
results of this study are not generalizable to the entire population of preschool parents in the U.S.
However, the low R2 value of the characteristic covariates suggests that sociodemographic
characteristics such as race, gender, education, and socioeconomic status are not strong
predictors of parent attitudes, nor do they account for much variance of any of the seven
subscales. Therefore, it can be argued that the results may be considered generalizable to some
degree.
Apart from limitations related to sample and population, we recognize limitations related
to measurement. As discussed above, the PP-DAS measure is grounded in a theoretical,
evidence-based framework and based on a psychometrically evaluated measure. However, there
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is still the possibility of construct underrepresentation with the PP-DAS defining the construct of
preschool parents’ attitudes towards science too narrowly.
Recommendations for Future Research
Despite the study limitations discussed above, this study has the potential to make a valuable
contribution to early childhood science research. Because no measure of parents’ attitudes
towards science currently exists, this study has the potential to not only address a gap in the field
but also influence the direction of future research by providing insight into a crucial aspect of
early childhood science. Below, I discuss my recommendations for further research.
Examine relationships and assumptions between related variables
While confirmatory factor analysis was used to examine the factor structure and
demonstrate construct validity of the newly developed Preschool Parents’ Dimensions of
Attitudes towards Science scale (PP-DAS), further research is needed to examine the causal
assumptions and relationships proposed in our adapted framework. For example, a structural
regression model can be created to examine the relationship between demographic variables onto
predictors like parents’ views of science and past science experiences. Furthermore, such a
model would provide researchers with a broader understanding of how these theoretically related
variables are causally linked to one another, including direct and indirect effects, ultimately
influencing preschool parents’ attitudes towards science.
Because structural equation models allow researchers to test multiple relationships
between several variables simultaneously, they provide researchers the opportunity to test
proposed frameworks and theories. Therefore, with the appropriate data, a structural equation
model structured after van Aalderen-Smeet, Walma van der Molen & Asma’s (2012) theoretical
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framework, including all seven subdimensions of attitudes towards science as well as the
additional factors of behavior and behavioral intention, could be conducted. Alternatively, child
outcomes such as science achievement and knowledge could also be included. Lastly, as
conducted in this study, several theoretically relevant covariates could also be included in the
proposed model. The creation and testing of such a model would allow researchers to explore
how all these variables relate to one another, directly and indirectly. Furthermore, it would
provide greater insight into early childhood science achievement and, specifically, the role of
preschool parents’ attitudes towards science play in its development.
Compare parent and teacher attitudes
This study was achieved by adapting a framework and measure for teachers to be used with
preschool parents; further research is needed to compare the results of the PP-DAS to the DAS
with preschool teachers. A direct comparison between the two groups would help identify
similarities and differences in attitudes between the populations. It would also allow researchers
to identify areas where one or both groups required more support and resources. In addition to
the comparison of the attitudes of teachers and parents, the examination of subgroups in teacher
samples is warranted. While the current study found parallel parent profiles to van AalderenSmeets and Walma van der Molen’s (2013) teacher profiles, a different methodology was used.
Therefore, further research employing analyses such as latent class analysis to make more direct
comparisons is necessary to see if preschool teachers also have subgroups of attitudes and if
these groups parallel those found for preschool parents.
Administer the PP-DAS to additional and alternative population of parents.
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The purpose of this study was to develop a measure of preschool parents’ attitudes towards
science. As discussed earlier, the focus on preschool parents was due to the growing amount of
research indicating early childhood science was critical to the long-term development of
students’ science knowledge and achievement. Further research is needed to expand the
examination of parents’ attitudes towards science to include parents with older children in
elementary, middle, and high school. This research would help researchers understand whether
parents’ attitudes towards science evolved as their children got older and experienced science in
more complex, structured, and specialized contexts. Furthermore, such research would help
researchers understand how the subdimensions of parents’ attitudes might change as their child’s
science experiences evolves. For example, primary and secondary school parents may report
lower self-efficacy on average, and in some cases, experience less enjoyment and more anxiety
when the science content their child is learning becomes more advanced. Research also finds that
as students get older, gender differences in science achievement begin to emerge. Comparisons
between parents’ attitudes would allow researchers to examine whether primary and secondary
school parents have differing gender beliefs compared to preschool parents.
If noteworthy differences do exist between parents across the seven subdimensions, this
would suggest there are also different latent classes of primary and secondary school parents.
Therefore, further research is also needed to investigate whether the same latent classes found for
preschool parents, based on their attitudes towards science, also exist for primary and secondary
school parents. Also of interest is whether the distribution between the classes would remain the
same. For example, are there more reluctant and less indifferent primary and secondary school
parents than preschool parents?
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Parents views of science and behavioral intention and behavior
The results of this study found the majority of preschool parents define science for preschoolers
and themselves in relation to the “natural world” and “the world around them.” These definitions
may focus too narrowly on content and unintentionally overlook the integral nature of science
skills in their conception of science. This limited definition of science might explain why
preschool parents do not view several science skills as appropriate nor practice a variety of
science skills with their preschooler. Therefore, further research is needed to examine parents’
definitions of science more closely and how these definitions may influence the activities and
science practices preschool parents perform with their children.
Further research is also needed to examine parents’ interpretation of science skills for
preschoolers. While this study examines parents’ definition of science and their definition of
preschool science, it did not examine parents’ comprehension of science skills and practices.
Consequently, further research is needed in this area, as findings suggest the skills and practices
the majority of preschool parents typically perceive as appropriate and frequently practice with
their preschoolers are also the simplest. A possible explanation could be parents selected the
simplest science skills because they were easy to identify and comprehend, and the more
complicated science skills and practices may be harder for parents to grasp. The language used to
characterize these skills could potentially be misleading because it uses the same terminology as
more advanced skills, such as “analyzing” and “interpreting” and, as a result, has become
synonymous with more advanced skills. As a result, parents may instinctively and
unintentionally associate these skills with more complex tasks practiced in more advanced
science contexts. Consequently, preschool parents may not view these “complex” skills and
practices as appropriate for their preschoolers, nor do they realize they should or could be doing
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them with their child. Thus, further research is required to explore parents’ comprehension of
science skills for preschoolers.
Examine the relationship between parents’ attitudes with additional distal outcomes
This study adapted van Aalderen-Smeets, van der Molen, and Asma’s (2012) primary teachers’
Dimensions of Attitudes towards Science Framework for preschool parents. However, this study
only focused on the seven subdimensions of attitudes towards science, as well as parents’ past
science experiences and views of science. This study did not include or examine the latter half of
van Aalderen-Smeets et al.’s framework, which includes behavioral intention and behavior. The
results of this study indicate a relationship between preschool parents’ attitudes towards science,
past science experiences, and views of science. However, further research is needed to
investigate the relationship between preschool parents’ attitudes towards science, behavioral
intention, and behavior, such as the science activities and skills they practice with their child and
the frequency with which they do so. An example could be a study exploring the relationship
between parents’ class membership and the science activities and skills preschool parents
practice with their child. Additional research is also needed to examine how preschool parents’
attitudes and class membership relates to their child’s science knowledge and achievement. One
research question of interest would be the extent to which parents’ class membership predicts
their preschoolers’ science knowledge and achievement.
Investigate the effectiveness of interventions on parents’ attitudes towards science
One of the goals of this study was to develop a measure of parents’ attitudes towards science that
could be used in subsequent studies focused on early childhood science. The primary goal of this
study was not only to establish a measure but also explore preschool parents’ understanding of
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science, as well as the science skills, practices, and activities they do with their children. The
results of this study indicate that preschool parents vary not only their attitudes towards science
but also their views of science and the activities they do with their child. While these results
provide insight into preschool parents’ science attitudes and actions more generally, the current
study did not investigate how and if preschool parents’ attitudes can be changed.
Further research, specifically an experimental study investigating the effectiveness of an
intervention aimed at changing parents’ attitudes towards science, is needed. Additional research
is also needed that examines how such an intervention extends beyond preschool parents’
attitudes towards science and includes other outcome variables, such as the type of frequency of
joint science activities practiced by parents, as well as the child’s subsequent science knowledge
and achievement. While possibly costly and time-consuming, experimental studies such as these
are necessary for the advancement of early childhood science research.
Conclusion
The objective of developing a measure of preschool parents’ attitudes towards science (PP-DAS)
was to provide a necessary instrument that could inform and contribute to all areas of early
childhood science research, more specifically to our understanding of the role of parents in
informal at-home early science learning. My hope is that the PP-DAS encourages researchers,
educators, policymakers, and parents alike to consider the role of parents in early science
learning and achievement, especially how parents’ own science experiences, understanding, and
attitudes impact and influence the ways and frequency with which they interact and engage with
their young children around science. As previously discussed, while much is understood about
how teachers’ attitudes towards science impact young students’ early science learning
experiences, considerably less is known regarding the role of parents and informal science
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learning. This is concerning, especially in early childhood, where the role of parents as informal
educators is established to be crucial to a child’s development and learning. This is especially
true for science; whereas math and literacy are content areas that are regularly addressed in
preschool, science is more at risk to be overlooked. Furthermore, more recent research asserts
that secondary students’ science knowledge and achievement can be predicted by their science
knowledge from as early as kindergarten. Accordingly, I argue that as part of the shift in focus of
research, policy, and instruction towards early childhood, it is imperative that parents’ roles be
considered, in addition to educators and students.
The development of the PP-DAS, and subsequent measurement of preschool parents’
attitudes towards science, is one approach to begin to better understand parents’ roles in early
science learning, as well as at-home science learning. The findings of this study suggest that
parents can be classified by their science attitudes and experiences. Taking this into
consideration, one might ask how these profiles or classification of parents impacts a child’s
early science learning experience at home with their parent. This is only one of the many
questions to consider regarding the impact of parents’ attitudes towards science on their child’s
at-home science experiences. In this way, the PP-DAS has already begun to contribute to the
overall understanding of early childhood science by identifying different classes of parents.
Additionally, the development of the PP-DAS measure can be viewed as a contribution to
the field by providing a well-developed measure that considers and attempts to address the most
common criticisms of science attitude measures by considering the psychometric properties,
using multidimensional analyses, and defining the construct with a corresponding framework.
Furthermore, through the process of validation, results of the confirmatory factor analysis also
reinforced the theoretical framework of preschool parents’ attitudes towards science, finding that
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the framework can be successfully operationalized and measured and that the initial framework
meant for teachers can successfully be applied to preschool parents as well.
Looking beyond the development and psychometric evaluation of the PP-DAS, the initial
findings of this study also contribute to the field by expanding our understanding of preschool
parents’ attitudes towards science as a whole. Not only do the results of this study present
prominent attitudes towards science among preschool parents, but they also provide a
comparison group for subsequent studies, as well as the basis for establishing norm reference
scores in the future.
Knowing how and why preschool parents interact with their children around science is
crucial to fully understand not only early childhood science learning and achievement but also
science achievement overall. This study has been a successful early step in understanding
preschool parents’ attitudes towards science, past science experience, and views of science and
how those construcs relate to one another. By developing and conducting a psychometric
evaluation of the Preschool Parents Dimensions of Attitudes towards Science scale (PP-DAS), I
hope other researchers will use this measure in future research as a means to expand our
understanding of preschool parents’ attitudes towards science. The more the framework and
measure are used and refined, the more precise our understanding of preschool parents’ attitudes
towards science will become. I encourage the use of the PP-DAS in the examination of more
complex questions and relationships around preschool science, which could have the potential to
impact policy and practice. I hope this study will be one in a long line of related research
regarding preschool parents’ attitudes towards science and the improvement of STEM education,
specifically early childhood science education in the U.S.
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CHAPTER VI. APPENDICES
Appendix A. Pilot Version of the PP-DAS & Parent Questionnaire
Preschool Parents Dimensions of Attitudes towards Science Instrument
Version 1.
We are interested in preschool parents’ views and attitudes of science. While filling out this
questionnaire we ask you to think about your child between the ages of 3 and 4 years old.
1. Defining Science is difficult because science is complex and does many
things. But mainly science is…
Please read A to K, and then choose the best definition of science.
A. A study of fields such as biology, chemistry, and physics
B. A body of knowledge, such as principles, laws, and theories, which explain the world around us
(matter, energy, and life)
C. Exploring the unknown and discovering new things about our world and universe and how they
work
D. Carrying out experiments to solve problems of interest about the world around us
E. Inventing or designing thing (for example, artificial heart, computers, space vehicles)
F. Finding and using knowledge to make this world a better place to live in (for example curing
diseases, solving pollution and improving agriculture)
G. An organization of people (called scientist) who have ideas and techniques for discovering new
knowledge
H. No one can define science
I. I don’t understand
J. I don’t know enough about this subject to make a choice
K. None of these choices fits my basic viewpoint
2. Please indicate on a scale from 1-5 (nothing to a lot) to what extent each activity listed below is related
to science…
1) Working with chemical substances
2) Working in a laboratory
3) Stars and planets
4) Sustainable energy
5) Carrying out tests
6) Devising new ideas
7) Improving existing things
8) Communicating ideas to other people
9) Acquiring knowledge
10) Researching and inventing
The following pages contain 28 statements with which some people agree, and
some people disagree. Read each of the statements and rate your personal
agreement with each statement, with 1 indicating “Strongly Disagree” and 5
indicating “Strongly Agree.”
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Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree
1
2
3
4
5
11) I think that science education is essential for helping preschool children become more involved
with society’s problems
12) I believe that science education is essential for preschool children’s general development as
citizens
13) I think that science must be included in education as early as possible
14) I believe that science education in preschool is essential for students to be able to make good
educational and career choices
15) Because science education is so important in preschool, I think that parents should receive
additional support in the area
16) I believe that boys in preschool are more enthusiastic about experimenting and doing science
than girls
17) I think that in preschool, boys are more likely than girls to choose activities concerned with
science
18) I think that I would instinctively be more likely to choose a science activity for a boy than a girl
19) I believe that men/dads can do a science investigation or activity with their preschooler more
easily than women/moms
20) I think that men/dads experience more enjoyment in teaching science their preschooler than
women/moms
21) I think that most parents find science content to be a difficult subject to teach to their
preschooler
22) I think that most parents find it difficult to teach subjects concerning/that involve science to
their preschooler
23) I think that most parents find science topics complicated
24) Doing science activities with my child makes me cheerful
25) I feel happy while teaching science to my child
26) I feel enthusiastic which teaching science to my child
27) I enjoy teaching/doing science activities with science to my child
28) I feel nervous while teaching science to my child
29) I feel tense while teaching science to my child
30) Teaching science to my child makes me feel anxious
31) I feel stressed when I have to teach/do science activities science with my child
32) I have enough science content knowledge to teach it well to my child
33) I am able to deal effectively with questions from my child about science
34) I have enough science content knowledge to support my child effectively with science activities
35) I think I can succeed in helping my child reach a solution during science activities
36) For me, having sufficient knowledge of specific science teaching methods is crucial for whether
or not I will teach my child science
37) For me, the availability of ready to use pre-packaged science materials is needed for being able
to do science with my child
38) For me, the support of others (more qualified) determines whether or not I do science activities
with my child
Now we’d like to learn more about your thoughts about science.
39) How would you best define science for preschoolers?
Science for young children is…
The World Around Them
A Set of Skills and Practices
A Set of Topics or Content
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A set of experiences
Exploration
I don’t know

40) Which, if any of the science skills and content listed below do you consider to be
appropriate for preschoolers (Mark all that apply)
Questioning
Experimenting
Observing
Investigating
Predicting
Cause and Effect
Problem Solving
Measuring
Trial and Error
Outcomes
Testing
Counting
Classifying
Collecting Data
Using procedures
Drawing conclusion
Finding out why things happen
Identifying things
Evaluating things
Analyzing
Guessing
Recording data
41) What do you think is the best way to teach SCIENCE to preschoolers?
Through Hands-on activities
By providing appropriate materials (science kits)
Through adult guidance
Through exploration
Learning through experience
Child initiated (answering child questions/ supporting child interests)
Using the five senses
Through Nature
42) What do you think is the worst way to teach SCIENCE to preschoolers?
Through Hands-on activities
By providing appropriate materials (science kits)
Through teacher and adult guidance
Through exploration
Learning through experience
Child initiated (answering child questions/ supporting child interests)
Using the five senses
Through Nature
43) Which, if any of the following science skills, if any, do you help your preschooler practice?
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(Mark all that apply)
Ask questions (out loud) when trying to solve a problem
Define a problem (out loud)
Create and use models (for example, Legos, Play-doh, K-Nex, Minecraft)
Explore "what if..." scenarios (for example, "What if we leave the ice sitting in the sun?"
Carry out an investigation (for example, leaving ice sitting in the sun)
Use computers or technology to create something
Use computers or technology to understand something or solve a problem
Develop explanations to understand events and/or situations
Collect and share information with others
Collaborate with others to solve a problem
44) Which if any of the following activities do you consider to be science-related
(Mark all that apply)
Using iPad, laptop computer, technology
Building (using blocks, Legos, Kinex or other building tools)
Watching certain (science-related) shows
Making Play-doh or clay
Making a Volcano
Making Slime
Going to the aquarium, zoo or museums
Gardening (watering plants, planting seeds)
Mixing Colors
Going Outdoors (walking in nature, going to the beach, hiking)
Cooking or baking (together)
Playing outdoors (for example, digging in the sand or dirt)
Taking care of or raising animals
Talking about the weather
Talking about nature
Going to the doctor
Exploring Dinosaurs
Exploring Space
Coding
45) Which if any of the following activities do you do with your preschooler?
(Mark all that apply)
Using iPad, laptop computer, technology
Building (using blocks, Legos,
Watching a science-focused show
Making Play-doh, clay
Making a Volcano
Making Slime
Going to the aquarium, museums, etc.
Gardening, watering plants, planting seeds (depends on context)
Science kits
Mixing Colors
Going Outdoors, outside, backyard
Cooking
Digging in” sand or dirt
Taking care of raising animals
Walking in nature
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Talking about the weather
Talking about
Going to the doctor
Exploring Dinosaurs
Exploring Space
Coding
Now we would like to know more about your previous experience with science and science learning
46) I took science classes in elementary school: Yes / No
47) I took science classes in middle school: Yes / No
48) I took science classes in high school: Yes / No
49) I took science classes in college or beyond: Yes / No
Please tell us to what extent you agree with the following statements…
Read each of the statements and rate your personal agreement with each statement, with 1 indicating
“Strongly Disagree,” and five indicating “Strongly Agree.”
Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree
1
2
3
4
5
50) I did well in science subjects in school
51) I was enthusiastic about science as a child/student
52) Science gave me anxiety as a child/student
53) I considered a career in science growing up
54) I never considered a career in science growing up
55) I always viewed science as a hard subject
56) I always viewed science as a subject for “smart” students
57) We did a lot of science activities at home when I was a child
58) I enjoyed doing science activities when I was a child
59) I regularly visited museums, aquariums, zoos as a child
60) My parents encouraged me to do science
61) My parents discouraged me from doing science

Demographics
1. Are you the parent or guardian of any child age 3 to 4 living in your household?
Yes
No
2. How old is your child?
3 years old
4 years old
3. What is your relationship with the child between the age of 3 or 4?
Mother
Father
Guardian
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4. What is your gender
Female
Male
Other
5. Are you between the ages of
18-24
25-29
30-49
50-64
65+
6. What is your age?
7. Is your annual income
Less than $25,000
Between $25,000-$50,000
Between $50,000-$75,000
Between $75,000-$100,000
Higher than $100,000
8. Is your child currently attending or about to start any of the following?
Daycare
Head Start
Other Pre-K program
Elementary School
Childcare is provided by family members, friends or neighbors
Child is not enrolled in preschool or daycare
Don’t know
9. Please indicate the highest level of education the child’s mother completed. (Mark only
One).
8th grade or less
Some high school
High school diploma or GED
Some college (no diploma)
Associate’s degree (AA, AS) or Technical Degree
Bachelor’s Degree (BA, BS)
Graduate or Professional Degree
Don’t know
10. Please indicate the highest level of education the child’s father completed. (Mark only
One).
8th grade or less
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Some high school
High school diploma or GED
Some college (no diploma)
Associate’s degree (AA, AS) or Technical Degree
Bachelor’s Degree (BA, BS)
Graduate or Professional Degree
Don’t know
11. What languages does the child speak, understand, or hear at home? (Mark all that
apply.)
English
Spanish
Chinese (Mandarin, Cantonese, or other)
French
Vietnamese
Other (Please specify): ____________________
12. Please indicate your child’s race and ethnicity. (Mark all that apply).
White (Non-Hispanic)
Hispanic or Latino
Black or African-American
Asian
__________Native Hawaiian or Other Pacific Islander
American Indian or Alaskan Native
Other (Please Specify): ____________________
13. Please indicate your child’s race and ethnicity. (Mark all that apply).
White (Non-Hispanic)
Hispanic or Latino
Black or African-American
Asian
Native Hawaiian or Other Pacific Islander
American Indian or Alaskan Native
Other (Please Specify): ____________________
14. Please indicate your child’s sex. (Mark only one).
Male
Female
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Appendix B. Final version of the PP-DAS and Parent Questionnaire.
Preschool Parents Attitudes towards Science
Q1 Thank you for agreeing to take this survey. We are interested in learning more about science
for preschoolers and their parents.
You are being asked to participate in this research study because you are a US citizen with a
preschool-aged child (3 to 4 years old). The purpose of this research study is to learn more about
science for preschoolers and their parents. If you agree to participate, we will ask you to answer
a number of questions about both you and your child concerning science. The survey should take
no longer than 20 minutes.
There are no risks associated with participating in this study. No identifiable information will be
asked or collected from you. All data will remain confidential and will be stored for future use by
the researcher.
Your participation in this research is voluntary. If you have any questions, you can contact
Alexandra Adair at aadair@gradcenter.cuny.edu (201) 589-0527. If you have any questions
about your rights as a research participant or if you would like to talk to someone other than the
researchers, you can contact CUNY Research Compliance Administrator at 646-664-8918 or
HRPP@cuny.edu.

o I agree to be a part of this study (1)
o I do not agree to be a part of this study (2)
Q2 Preschool Parents Dimensions of Attitudes towards Science
A note: The word “preschooler” in this survey refers to any child between 3-4 who has not
started Kindergarten yet, whether or not they are enrolled in a preschool or Pre-K program.
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Q3 From the list below, please select your top 3 definitions of science. (Select 3 )
Defining Science is difficult because science is complex and does many things. But mainly
science is…

▢ A study of field such as biology, chemistry, and physics (1)
▢
A body of knowledge, such as principles, laws, and theories, which explain the
world around us (matter, energy, and life) (2)
▢
Exploring the unknown and discovering new things about our world and universe
and how they work (3)
▢
(4)
▢
vehicles)

Carrying out experiments to solve problems of interest about the world around us

Inventing or designing thing (for example, artificial heart, computers, space
(5)

▢
Finding and using knowledge to make this world a better place to live in (for
example curing diseases, solving pollution and improving agriculture) (6)
▢
An organization of people (called scientist) who have ideas and techniques for
discovering new knowledge (7)
▢
▢
▢
▢

No one can define science (8)
I don’t understand (9)
I don’t know enough about this subject to make a choice (10)
None of these choices fits my basic viewpoint (11)
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Q4 Out of your top 3 definitions selected, what do you think is the best definition of science?
(Select one)

o A study of fields such as biology, chemistry, and physics (1)
o A body of knowledge, such as principles, laws, and theories, which explain the world
around us (matter, energy, and life) (2)

o Exploring the unknown and discovering new things about our world and universe and
how they work (3)

o Carrying out experiments to solve problems of interest about the world around us (4)
o Inventing or designing thing (for example, artificial heart, computers, space vehicles)
(5)

o Finding and using knowledge to make this world a better place to live in (for example
curing diseases, solving pollution and improving agriculture) (6)

o An organization of people (called scientist) who have ideas and techniques for
discovering new knowledge (7)

o No one can define science (8)
o I don’t understand (9)
o I don’t know enough about this subject to make a choice
o None of these choices fits my basic viewpoint (11)

(10)
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Q5 Please indicate on a scale from 1-5 (nothing to a lot) to what extent each activity listed
below is related to science…
1-Nothing (1)
Working with
chemical
substances (1)

2 (2)

3 (3)

4 (4)

5-A lot (5)

o

o

o

o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

Improving
existing things
(7)

o

o

o

o

o

Communicating
ideas to other
people (8)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Working in a
laboratory (2)
Stars and
planets (3)
Sustainable
energy (4)
Carrying out
tests (5)
Devising new
ideas (6)

Acquiring
knowledge (9)
Researching
and inventing
(10)
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Q6 Please indicate to what extent you agree with the following statements
Agree
(1)
To me teaching science to my
preschooler and doing science
activities with my preschooler
are related (1)
I teach my child science (2)
I do science activities with my
child (3)

Neither Agree nor
Disagree (2)

Disagree
(3)

I don’t know (4)

o

o

o

o

o
o

o
o

o
o

o
o
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Q10 The following page contains statements with which some people agree, and some people
disagree. Read each of the statements and rate your personal agreement with each statement,
with 1 indicating “Strongly Disagree” and 5 indicating “Strongly Agree.”
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1Strongly
Disagree
(1)

2-Disagree
(2)

3-Neutral
(3)

4-Agree (4)

5-Strongly
Agree (5)

I think that science education
(both at home and at school) is
essential for helping preschool
children become more
involved with society’s
problems (1)

o

o

o

o

o

I believe that science education
(both at home and at school) is
essential for preschool
children’s general development
as citizens (2)

o

o

o

o

o

I think that science must be
included in a child’s education
(at home) as early as possible
(3)

o

o

o

o

o

o

o

o

o

o

I think it’s important for
parents and families to help
their preschoolers learn science
(5)

o

o

o

o

o

Parents are the most important
science teachers for
preschoolers (6)

o

o

o

o

o

Because science education is
so important in preschool, I
think that parents should
receive additional support in
the area (7)

o

o

o

o

o

I believe that preschool boys
are more enthusiastic about
experimenting and doing
science than girls (8)

o

o

o

o

o

I believe that science education
(both at home and at school) in
early childhood is essential for
students to be able to make
good educational and career
choices (4)
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I think that preschool girls are
more likely than boys to
choose activities concerned
with science (9)

o

o

o

o

o

I think that I would
instinctively be more likely to
choose a science activity for a
boy than a girl (10)

o

o

o

o

o

o

o

o

o

o

I think that male caregivers
experience more enjoyment in
doing science with their
preschooler than female
caregivers (12)

o

o

o

o

o

I think that most parents find
science to be a difficult subject
to teach to their preschooler
(13)

o

o

o

o

o

I think that most parents find it
difficult to do science activities
with their preschooler (14)

o

o

o

o

o

I think that most parents find
science topics complicated
(15)

o

o

o

o

o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o
o
o
o
o

o

o

o

o

o

I believe that female caregivers
can do a science investigation
or activity with their
preschooler more easily than
male caregivers (11)

Doing science activities with
my child makes me happy (16)
I feel content when doing
science with my child (17)
I feel excited when doing
science with my child (18)
I enjoy doing science activities
with my child (19)
I feel nervous while doing
science with my child (20)
I feel overwhelmed while
doing science with my child
(21)
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Doing science activities with
my child makes me feel
anxious (22)

o

o

o

o

o

I feel stressed when I have to
do science activities science
with my child (23)

o

o

o

o

o

I have enough science content
knowledge to teach it well to
my child (24)

o

o

o

o

o

I am able to effectively deal
with questions from my child
about science (25)

o

o

o

o

o

I have enough science content
knowledge to support my child
effectively with science
activities (26)

o

o

o

o

o

I think I can successfully help
my child reach a solution
during science activities (27)

o

o

o

o

o

For me, having enough
knowledge of specific science
teaching methods determines
whether or not I will teach my
preschooler science (28)

o

o

o

o

o

For me, having enough
knowledge of specific science
activities determines whether
or not I will do science with
my preschooler (29)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

For me, having ready to use,
pre-packaged science materials
determines whether I’m able to
do science with my preschooler
(30)
For me, having the support of
others more qualified than me
(such as teachers) determines
whether or not I do science
activities with my child (31)
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Q11 How would you best define science for preschoolers? (Please Select One)
Science for young children is …

o The World Around Them (nature, weather, living things, non-living things, earth, and
sky) (1)

o A Set of Skills and Practices (predicting, observing, investigating, asking questions) (2)
o Facts and Information (plants have stems, leaves, and roots; ice freezes at 32 degrees F)
(3)

o A Set of Specific Experiences on One Topic of Interest (like trains, rolling things, or
insects for example) (4)

o Approaching experiences in a scientific way or having a science perspective (being
curious, wanting to investigate everything and figure things out) (5)

o I don’t know (6)
o I don’t believe science is important for preschoolers (7)
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Q12 What do you think are the best ways for parents to help their preschoolers to learn science
? (Please Select 3)

▢
By providing appropriate materials (such as science kits from the store, natural
materials from outdoors, everyday items and tools) (1)
▢
By explaining facts and information to them (such as describing how plants grow
from seeds or why seasons change) (2)
▢
By exploring with them( such as investigating what they notice in the world
around them) (3)
▢
By doing science activities and experiments with them (such as mixing and
cooking activities, planting seeds and seeing how they grow, or putting ice cubes in different
places to see which ones melt faster or slower) (4)

▢ By reading science-related books to them (such as Ada Twist, Scientist) (5)
▢
By watching science shows and playing online science games for 3-4 year-olds
(such as Sid the Science Kid) (6)
▢
▢

I don’t know (7)
I don’t believe science is important for preschoolers (8)
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Q13 Out of your selected top 3, what do you think is the best way for parents to help their
preschoolers learn science? (Please Select One)

o By providing appropriate materials (such as science kits from the store, natural materials
from outdoors, everyday items and tools) (1)

o By explaining facts and information to them (such as describing how plants grow from
seeds or why seasons change) (2)

o By exploring with them( such as investigating what they notice in the world around them)
(3)

o By doing science activities and experiments with them (such as mixing and cooking

activities, planting seeds and seeing how they grow, or putting ice cubes in different places to
see which ones melt faster or slower) (4)

o By reading science-related books to them (such as Ada Twist, Scientist) (5)
o By watching science shows and playing online science games for 3-4 year-olds (such as
Sid the Science Kid) (6)

o I don’t know (7)
o I don’t believe science is important for preschoolers (8)
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Q14 Which, if any of the science skills and content listed below do you consider to be
appropriate for preschoolers? (Mark all that apply)

▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢
▢

Questioning (1)
Experimenting (2)
Observing (3)
Investigating (4)
Predicting (5)
Cause and Effect (6)
Problem Solving (7)
Measuring (8)
Trial and Error (9)
Testing (10)
Counting (11)
Classifying (12)
Collecting Data (13)
Using procedures (14)
Drawing conclusions (15)
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▢
▢
▢
▢
▢
▢
▢

Finding out why things happen (16)
Identifying things (17)
Evaluating things (18)
Analyzing (19)
Recording data (20)
I don’t know (21)
I don’t believe science is important for preschoolers (22)
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Q15 Which if any of the following activities do you consider to be science-related? (Mark all
that apply)

▢ Using iPad, laptop computer, technology (1)
▢ Building with blocks, cups, Legos, or other building tools (2)
▢ Watching science-related shows such as Sid the Science Kid (3)
▢ Making play-doh or clay (4)
▢ Making a volcano with baking soda and vinegar (5)
▢ Making slime with liquid starch and glue (6)
▢ Going to the aquarium, zoo or museums (7)
▢ Planting and watering seeds (8)
▢ Using science kits (9)
▢ Mixing Colors (10)
▢ Going Outdoors (walking in nature, going to the beach, hiking) (11)
▢ Cooking or baking (12)
▢ Playing outdoors (for example digging in the sand or dirt) (13)
▢ Taking care of or raising animals (14)
▢
Talking about things your child notices and explores such as the weather, nature
and other science phenomena (15)
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▢
▢
▢
▢
▢
▢
▢

Going to the doctor (16)
Reading books and watching shows for kids about dinosaurs (17)
Reading books and watching shows for kids about space (18)
Coding (19)
Attending or participating in a science fair (20)
I don’t know (21)
I don’t believe science is important for preschoolers (22)
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Q16 Which, if any of the following science skills, if any, do you help your preschooler
practice? (Mark all that apply)

▢ Ask questions (out loud) when trying to solve a problem (1)
▢ Define a problem (out loud) (2)
▢ Create and use models (for example, Legos, Play-doh, K-Nex, Minecraft) (3)
▢
Explore "what if..." scenarios (for example, "What if we leave the ice sitting in the
sun?") (4)
▢
▢
▢
▢
▢
▢
▢
▢

Carry out an investigation (for example, leaving ice sitting in the sun) (5)
Use computers or technology to create something (6)
Use computers or technology to understand something or solve a problem (7)
Develop explanations to understand events and/or situations (8)
Collect and share information with others (9)
Collaborate with others to solve a problem (10)
I don’t know (11)
I don’t believe science skills are important for preschoolers (12)
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Q17 Which if any of the following activities do you do with your preschooler? (Mark all that
apply)

▢ Using iPad, laptop computer, technology (1)
▢ Building with blocks, cups, Legos, or other building tools (2)
▢ Watching science-related shows such as Sid the Science Kid (3)
▢ Making play-doh or clay (4)
▢ Making a volcano with baking soda and vinegar (5)
▢ Making slime with liquid starch and glue (6)
▢ Going to the aquarium, zoo or museums (7)
▢ Planting and watering seeds (8)
▢ Using science kits (9)
▢ Mixing Colors (10)
▢ Going Outdoors (walking in nature, going to the beach, hiking) (11)
▢ Cooking or baking (12)
▢ Playing outdoors (for example digging in the sand or dirt) (13)
▢ Taking care of or raising animals (14)
▢
Talking about things your child notices and explores such as the weather, nature
and other science phenomena (15)
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▢
▢
▢
▢
▢
▢
▢
▢

Going to the doctor (16)
Reading books and watching shows for kids about dinosaurs (17)
Reading books and watching shows for kids about space (18)
Coding (19)
Attending or participating in a science fair (20)
I don’t know (21)
None (22)
I don’t believe science is important (23)

Q19 Now we would like to know more about your previous experience with science and
science learning
I took science classes in
elementary school (1)
I took science classes in
middle school (2)
I took science classes in
high school (3)
I took science classes in
college or beyond (4)

Yes (1)

No (2)

o
o
o
o

o
o
o
o

I don’t know (3)

o
o
o
o
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Q20 Please tell us to what extent you agree with the following statements…
Strongly
Disagree
(1)

Disagree (2)

Neither
agree nor
disagree (3)

Agree (4)

Strongly
agree (5)

As a student, I did well in
science subjects in school
(1)

o

o

o

o

o

As a student, I was
enthusiastic about science
(2)

o

o

o

o

o

o

o

o

o

o

As a student, I never
considered a career in
science (4)

o

o

o

o

o

As a student, I always
viewed science as a hard
subject (5)

o

o

o

o

o

As a student, I always
viewed science as a subject
for “smart” students (6)

o

o

o

o

o

As a child, I considered a
career in science growing
up (7)

o

o

o

o

o

As a child, my family did a
lot of science activities at
home (8)

o

o

o

o

o

o

o

o

o

o

As a child, I regularly
visited science museums,
aquariums, zoos (10)

o

o

o

o

o

As a child, my parents
encouraged me to do
science (11)

o

o

o

o

o

As a child, my parents
discouraged me from doing
science (12)

o

o

o

o

o

As a student, science gave
me anxiety (3)

As a child, I enjoyed doing
science activities (9)
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Q21 A Reminder that all these questions are optional

Q22 Are you the parent or guardian of any child age 3 to 4 living in your household?

o Yes (1)
o No (2)
Q23 What is your relationship with the child between the age of 3 or 4?

o Mother (1)
o Father (2)
o Guardian (3)
Q24 How many children live in your household?

o 1 (1)
o 2 (2)
o 3 (3)
o 4 (4)
o 5+ (5)
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Q25 What is your relationship status?

o Single (1)
o Married (2)
o Divorced (3)
Q26 What is your gender?

o Male (1)
o Female (2)
o Other (3)
Q27 Are you between the ages of…

o 18-24 (1)
o 25-29 (2)
o 30-49 (3)
o 50-64 (4)
o 65+ (5)
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Q28 Is your annual household income…

o Less than $25,000 (1)
o Between $25,000-$50,000 (2)
o Between $50,000-$75,000 (3)
o Between $75,000-$100,000 (4)
o Higher than $100,000 (5)
Q29 Please indicate YOUR race and ethnicity. (Mark all that apply).

▢
▢
▢
▢
▢
▢
▢

White (Non-Hispanic) (1)
Hispanic or Latino (2)
Black or African-American (3)
Asian (4)
Native Hawaiian or Other Pacific Islander (5)
American Indian or Alaskan Native (6)
Other (Please Specify): ____________________ (7)
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Q30 How old is your child?

o Under 3 (1)
o 3 years old (2)
o 4 years old (3)
o 5+ years old (4)
Q37 Please indicate your child’s sex. (Mark only one).

o Male (1)
o Female (2)
Q31 Is your child currently attending or about to start any of the following?

o Daycare (1)
o Head Start (2)
o Other Pre-K program (3)
o Elementary School (4)
o Childcare is provided by family members, friends or neighbors
o Child is not enrolled in preschool or daycare (6)
o I don’t know (7)

(5)
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Q32 Does your child attend the selected program full-time or part-time

o Full-time (1)
o Part-time (2)
o I don’t know (3)
Q33 Please indicate the highest level of education the child’s mother completed. (Mark
only one).

o 8th grade or less (1)
o Some high school (2)
o High school diploma or GED (3)
o Some college (no diploma) (4)
o Associate’s degree (AA, AS) or Technical Degree (5)
o Bachelor’s Degree (BA, BS) (6)
o Graduate or Professional Degree (7)
o I don’t know (8)
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Q34 Please indicate the highest level of education the child’s father completed. (Mark only
one).

o 8th grade or less (1)
o Some high school (2)
o High school diploma or GED (3)
o Some college (no diploma) (4)
o Associate’s degree (AA, AS) or Technical Degree (5)
o Bachelor’s Degree (BA, BS) (6)
o Graduate or Professional Degree (7)
o Don’t know (8)
Q35 What languages does your child speak, understand, or hear at home? (Mark all that
apply)

▢ English (1)
▢ Spanish (2)
▢ Chinese (Mandarin, Cantonese, or other) (3)
▢ French (4)
▢ Vietnamese (5)
▢
Other (Please specify) (6)
________________________________________________
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Q36 Please indicate your CHILD’s race and ethnicity. (Mark all that apply)

▢ White (Non-Hispanic) (1)
▢ Hispanic or Latino (2)
▢ Black or African-American (3)
▢ Asian (4)
▢ Native Hawaiian or Other Pacific Islander (5)
▢ American Indian or Alaskan Native (6)
▢
Other (Please Specify): (7)
________________________________________________
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Table 1. Factor loadings presented in the pattern matrix obtained by factor analysis using direct oblimin rotation on 28 items (n
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Appendix C. Van Aalderen-Smeets & Walma van der Molen’s (2013) Dimensions of
Factors
attitudes towards science (DAS) instrument.
Code
S2
S1
S3
S4

R2
R1
R3
R5

R4
G2
G5
G1
G4

Downloaded by [Universiteit Twente] at 05:58 17 January 2013

G3
A4
A3
A1
A2
D2
D3
D1
C2
C1
C3
E3
E4
E2
E1

Items

1

I am well able to deal with questions from pupils about science
I have enough knowledge of the content of science to teach these
subjects well in primary school
I have a sufficient command of the material to be able to support
children well in investigating and designing in class
If primary school children do not reach a solution during assignments
about science, I think I can succeed in helping them make further
progress
I think that science must be anchored in primary education as early as
possible
I think that science education is essential for primary school children’s
development
I think that science education is essential for making primary school
pupils more involved in technological problems in society
I think that science education in the primary school is essential for
pupils to be able to make good choices about their studies (e.g. profile
choice and choice of a course)
Science education is so important in the primary school that
inexperienced teachers should receive additional training in this area
I think that male primary school teachers experience more enjoyment
in teaching science than female teachers
I think that boys at primary school would be more likely than girls to
choose assignments that are concerned with science
I think that male primary school teachers can do an investigation or
technical assignment with pupils more easily than female teachers
I think that boys in primary schools are more enthusiastic about
experimenting with materials and chemical substances than girls are
I think that I would unconsciously be more likely to choose a boy for a
science demonstration than a girl
I feel tense while teaching science in class
I feel nervous while teaching science
Teaching science makes me nervous
I feel stressed when I have to teach science in my class
I think that most primary school teachers find it difficult to teach
subjects concerning science
I think that most primary school teachers find science a difficult subject
to teach in terms of content
I think that teachers find the topics that come up in science
complicated
For me, the availability of a ready-to-use existing package of materials
(e.g. Techniektorens) is essential to teaching science in class
For me, the availability of a science teaching method (e.g. Natuniek,
Leefwereld) is decisive for whether or not I will teach science in class
For me, the support of my colleagues and the school is decisive for
whether or not I will teach science in classb
I feel happy while teaching science
Teaching science makes me cheerful
I enjoy teaching science very much
Teaching science makes me enthusiastic
Initial eigenvalues
Initial % of explained variance
Explained variance (rotation sum of squared loadings)c
Cronbach’s alpha

0.835
0.810

1
1

0.794

1

0.657

0

Note: Factor loadings , 0.35 are omitted and factors loadings are sorted.

2

3

4

5

6

7

0.901

0

0.790

0

0.610

0

0.601

0

0.538

1
0.712

1

0.676

1

0.601

1

0.584

1

0.368

1
0.885
0.844
0.809
0.800

9.2
33
6.30
0.90

S

3.2
11
5.14
0.85

2.0
7
3.22
0.76

1.6
6
5.70
0.92

20.722

1
1
1
1
0

20.715

0

20.626

0

1.5
5
2.00
0.74

0.762

1

0.755

1

0.425

1

1.1
4
4.10
0.74

0.815
0.806
0.624
0.595
1.0
3
6.10
0.93

0
0
1
1
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a
Corrected item-total correlations are computed with respect to all items within that specific factor (subscale), not with respect to the c
of items within the questionnaire.

Appendix D. Wendt and Rockinson-Szapkiw’s (2017) English translated version of the
dimensions of attitudes towards science (DAS) instrument.
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Appendix E. Wendt and Rockinson-Szapkiw’s (2017) 7 Factor Model of the English version
of the Dimensions of attitudes toward science (DAS) instrument.
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Appendix F. Fit of Wendt and Rockinson-Szapkiw’s (2017) ) 7 Factor Confirmatory Factor
Analysis Model of the English version of the Dimensions of attitudes toward science (DAS)
instrument.

Appendix G. Cronbach’s Alpha for Wendt and Rockinson-Szapkiw’s (2017) 7 Factor
Confirmatory Factor Analysis Model of the English version of the Dimensions of attitudes
toward science (DAS) instrument subscales.

Appendix H. Van Aalderen-Smeets & Walma van der Molen’s (2013) Views of Science
Scale: Asking participants to indicate on a scale from 1-5 (nothing to a lot) to what extent
each activity was related to science
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Appendix I. Permissions letter from Glen Aikenhead
October 12th, 2018
Dear Dr. Aikenhead,
I am a doctoral student from CUNY Graduate Center’s Educational Psychology Program, writing my
dissertation, which examines preschool parents’ attitudes towards science under the direction of my
dissertation committee chaired by Dr. Bruce Homer. As part of my study, I would like your permission to
use the Views on Science-Technology Society (VOSTS) questionnaire, specifically items from VOSTS 1
(Defining Science and Technology) and VOSTS 9 (Epistemology) sections.
I would like to use your me under the following conditions:
•

I will use the questionnaire items only for my research study and will not sell or use it with any
compensated activities.

•

I will administer the items using a secure web-based platform (i.e., Qualtrics)

•

I will include the copyright statement on all copies of the instrument.

•

I will send my research study and one copy of reports, articles, and the like that make use of these
survey data promptly to your attention.

I would greatly appreciate your consent to this request. To grant me permission, please complete and sign
the section below and return this letter to me. If you have any questions, please contact me at the email
address below. Thank you in advance for your consideration.
Sincerely,
Alexandra Adair
Doctoral Candidate
Email: aadair@gradcenter.cuny.edu
Expected date of completion/graduation 05/20/2020

PERMISSION IS HEREBY GRANTED FOR USE OF THE MATERIAL AS DESCRIBED
ABOVE.
Authorized Signature: ___

Date: _Oct 14, 2018____________

Print Dr. Glen S. Aikenhead, Emeritus Professor
Aboriginal Education Research Centre
University of Saskatchewan
538 Blackburn Cres.
Saskatoon, SK, S7V 1E8
Canada
Treaty 6 Territory. I honour the ancestral lands of the Nehiyaw, Dakota, Nakawē First Nations;
and homeland of the Métis Nation
phone: 1-306-373-4944
webpage:
https://www.usask.ca/education/documents/profiles/aikenhead/index.htm
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Appendix J. Permission Letter from Dr. Sandra Van Aalderen
July 15 , 2018
th

Dear Dr. van Aalderen-Smeets,
I am a doctoral student from CUNY Graduate Center’s Educational Psychology Program,
writing my dissertation which examines preschool parents’ science understanding, attitudes and
self-efficacy under the direction of my dissertation committee chaired by Dr. Bruce Homer. As
part of my study, I would like your permission to use and adapt the Dimensions of Attitude
Toward Science (DAS) and View of Science Scale.
I would like your permission to use and adapt the Dimensions of Attitude Toward Science
(DAS) and View of Science Scale in my research study. I would like to use and adapt your
survey under the following conditions:
•

I will use this survey only for my research study and will not sell or use it with any
compensated activities.

•

I will adapt existing DAS items as part of my scale development.

•

I will administer the adapted survey using a secure web-based platform (i.e. Qualtrics)

•

I will include the copyright statement on all copies of the instrument.

•

I will send my research study and one copy of reports, articles, and the like that make use
of these survey data promptly to your attention.

I would greatly appreciate your consent to this request. To grant me permission, please complete
and sign the section below and return this letter to me. If you have any questions, please contact
me at the email address below. Thank you in advance for your consideration.
Sincerely,
Alexandra Adair
Doctoral Candidate
Email: aadair@gradcenter.cuny.edu
Expected date of completion/graduation 05/20/2020
PERMISSION IS HEREBY GRANTED FOR USE OF THE MATERIAL AS DESCRIBED
ABOVE.
Authorized Signature: _________________________________________________
Date: 15 oktober 2018
Print Name: __Sandra van Aalderen__ Title: Dr. (PhD)_______
Phone: +31 6 53710124

E-mail: s.i.vanaalderen@saxion.nl

140

Appendix K. Permission Letter from Dr. Jillian Wendt

July 15th, 2018
Dear Dr. Wendt,
I am a doctoral student from CUNY Graduate Center’s Educational Psychology Program,
writing my dissertation which examines preschool parents’ science understanding, attitudes and
self-efficacy under the direction of my dissertation committee chaired by Dr. Bruce Homer. As
part of my study, I would like your permission to use and adapt your English translation of
the Dimensions of Attitude Toward Science (DAS).
I would like your permission to use and adapt your English translation of the Dimensions of
Attitude Toward Science (DAS) in my research study. I would like to use and adapt your survey
under the following conditions:
I will use this survey only for my research study and will not sell or use it with any
compensated activities.
I will adapt existing DAS items as part of my scale development.
I will administer the adapted survey using a secure web-based platform (i.e. Qualtrics)
I will include the copyright statement on all copies of the instrument.
I will send my research study and one copy of reports, articles, and the like that make use
of these survey data promptly to your attention.
I would greatly appreciate your consent to this request. To grant me permission, please complete
and sign the section below and return this letter to me. If you have any questions, please contact
me at the email address below. Thank you in advance for your consideration.
Sincerely,
Alexandra Adair
Doctoral Candidate
Email: aadair@gradcenter.cuny.edu
Expected date of completion/graduation 05/20/2020
PERMISSION IS HEREBY GRANTED FOR USE OF THE MATERIAL AS DESCRIBED
ABOVE.
Authorized Signature: _________________________________________________Date:
Jillian L. Wendt
_____________ Print Name: ____________________________________________
Title:
8/15/2018

Assistant Professor of Science Education
________________________
202-274-5333
jillian.wendt@udc.edu
Phone: ________________________________
E-mail:________________________
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Appendix L. Development of the Past Science Experiences Scale
Before conducting the MIMIC model, a confirmatory and exploratory factor analysis of the past
science experiences indicators was conducted to determine if all ten items would load
successfully onto one factor. Factor analysis was performed on these items because this scale
was created for this study; therefore, it was essential to test the validity of the items and scale
before including them in the larger MIMIC model. First, confirmatory factor analysis was
conducted, including all ten indicators on one factor, which indicated a poor fit. Next, an
alternate model was performed with the ten indicators on two factors (Home and School) but still
reported a poor fit. Next, exploratory factor analysis was run, which indicated that a 3-factor
model would best fit the data. These findings suggested that the initial ten scale items, which
were meant to measure previous science experiences, were measuring a number related but
distinct constructs, which would explain for the poor fit of the one and two-factor models.
After reviewing the three-factor solution from the exploratory factor analysis, it was
determined that one factor related directly to the participants’ beliefs about science as a child,
while others addressed the influence of others on their science experience and their confidence as
a science student. As a result, four items, which successfully loaded onto one factor of the model,
were selected for the revised past science experiences scale. These items were theoretically
aligned, and best represented the construct of past science experiences overall. These indicators
were “As a student, I did well in science subjects in school,” “As a student, I was enthusiastic
about science,” “As a child I considered a career in science growing up,” and “As a child, I
enjoyed doing science activities.” After choosing the four indicators, another Confirmatory
Factor Analysis was conducted to verify that the four indicator one-factor model fit the data. The
results of the CFA supported that the model was a good fit. In addition to running the CFA,
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Cronbach’s alpha was calculated to assess the reliability of the newly revised scale. Cronbach’s
alpha equaled =.766 indicating adequate reliability for a scale in development. (Nunnally, 1978)
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